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ABSTRACT
Context. Open clusters are an important tool for studying the chemical evolution of the Galactic disk. Metallicity estimates are
available for about ten percent of the currently known open clusters. These metallicities are based on widely differing methods,
however, which introduces unknown systematic effects.
Aims. In a series of three papers, we investigate the current status of published metallicities for open clusters that were derived from
a variety of photometric and spectroscopic methods. The current article focuses on spectroscopic methods. The aim is to compile a
comprehensive set of clusters with the most reliable metallicities from high-resolution spectroscopic studies. This set of metallicities
will be the basis for a calibration of metallicities from different methods.
Methods. The literature was searched for [Fe/H] estimates of individual member stars of open clusters based on the analysis of
high-resolution spectra. For comparison, we also compiled [Fe/H] estimates based on spectra with low and intermediate resolution.
At medium and high resolution, we found that differences in the analysis methods have a stronger effect on metallicity than qual-
ity differences in the observations. We retained only highly probable cluster members and introduced a restriction on atmospheric
parameters.
Results. We combined 641 individual metallicity values for 458 stars in 78 open clusters from 86 publications to form our final set
of high-quality cluster metallicities. The photometric metallicities discussed in the first paper of this series are systematically lower
than the spectroscopic ones by about 0.1 dex, and the differences show a scatter of about 0.2 dex. In a preliminary comparison of
our spectroscopic sample with models of Galactic chemical evolution, none of the models predicts the observed radial metallicity
gradient.
Conclusions. Photometric metallicities show a large intrinsic dispersion, while the more accurate spectroscopic sample presented
in this paper comprises fewer than half the number of clusters. Only a sophisticated combination of all available photometric and
spectroscopic data will allow us to trace the metallicity distribution in the Galactic disk on a local and global scale.
Key words. Galaxy: abundances – Open clusters and associations: general – Stars: abundances
1. Introduction
The metallicity of stars is the key to exploring of the chemi-
cal structure and evolution of the Galaxy. But which is the best
way to determine this important astrophysical parameter? High-
resolution spectroscopy is often claimed to be the most accurate
method (e.g. Magrini et al. 2009). It is certainly true that this is
the only method available to measure abundances of individual
chemical elements. However, the overall stellar metallicity can
be reliably inferred by a variety of other means provided that a
good calibration is available. Furthermore, the accuracy of high-
resolution spectroscopy is not always assessed in a satisfactory
way.
Photometry and low-resolution spectroscopic studies have
the advantage of providing results for large samples within a
short time (both the observations and the analysis require less
time). High-resolution spectra contain significantly more infor-
mation and are therefore expected to give more accurate results.
However, interpreting these data is based on theoretical stellar
atmospheres and modelling of spectral lines. The complete pro-
cedure of an abundance analysis requires one to specify a con-
siderable amount of input data, assumptions for the physics of
relevant processes, and a significant number of free parameters.
This leads to a wide variety of possibilities to analyse a given
data set, which may lead to differences in the metallicity scales
published by different research groups.
We set out to investigate to which extent this is the case,
thus testing the accuracy of spectroscopic stellar metallici-
ties. We note that individual metallicity studies might well be
able to achieve a high precision for a limited number of stars
(e.g. Meléndez et al. 2009), allowing one to draw important con-
clusions on a small subsystem of Galactic stars. But to obtain
a complete picture of the Galactic chemical evolution requires
one to combine the results of different authors, which will each
be subject to systematic uncertainties of unknown magnitude.
For recent studies that compared spectroscopic analyses of well-
known field stars using several different methods see for instance
Lebzelter et al. (2012) and Jofré et al. (A&A, submitted).
We focus here on metallicity determinations of stars in open
clusters (OCs). These objects have been used for a long time to
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investigate the radial metallicity gradient of the Galactic disk.
Furthermore, the studied stars cover a wide range in stellar pa-
rameters (Teff and log g). Stars in any one cluster all formed at
the same time from the same material with a unique metallic-
ity, which provides an additional test for the consistency of the
determined metallicities.
Since the 1990s, we have seen a surge of spectroscopic
metallicity studies of OC stars. This probably reflects the
progress in automated abundance analysis, but is certainly also
an effect of the availability of efficient multi-object spectro-
graphs, such as FLAMES at ESO’s VLT or Hydra at the WIYN
telescope on Kitt Peak. Open clusters are regarded as ideal
probes for the chemical evolution of the Galactic disk, be-
cause they are numerous (more than 2000 presently known),
are located throughout the disk, and span a wide range of ages
(Dias et al. 2002). An accurate knowledge of the cluster metal-
licity is of twofold importance. It obviously provides a measure-
ment point for the disk chemistry at a certain location. Second, it
is important for determining the cluster age and distance (using
metallicity-dependent isochrones) and thus the point in time cor-
responding to the particular metallicity measurement. When in-
terpreting these measurements, it is important, however, to con-
sider possible motions of the clusters during their lifetime (e.g.
Wu et al. 2009).
In spite of the astrophysical significance, metallic-
ity estimations for OCs are still rare. In a previous
paper, we compiled photometric metallicity determina-
tions for 188 OCs (Paunzen et al. 2010, hereafter Paper I).
Recent compilations of spectroscopic metallicities in-
clude those of Magrini et al. (2009, 2010, 63 clusters) and
Carrera & Pancino (2011, 89 clusters). These contain 29 clus-
ters that are not included in our photometric sample, and thus
the total current fraction of known clusters with a metallicity
assessment is about 10%. The two spectroscopic compilations
take different approaches to arrive at a metallicity value for each
cluster. Magrini et al. selected the result of one specific publica-
tion per cluster for their sample, while Carrera & Pancino (2011)
averaged all available determinations for each cluster. Both
approaches suffer from the inhomogeneity inherent in data
originating from many different research groups.
There are several recent attempts of constructing homoge-
neous sets of spectroscopic OC metallicities. Friel et al. (2010)
complemented their own sample of eleven clusters with re-
sults from only three other groups and presented careful eval-
uations of possible differences in measurements and methods
among all groups. This approach resulted in a homogeneous
but small sample of 26 clusters. For the BOCCE project1
(Bragaglia & Tosi 2006; Bragaglia et al. 2009) 45 clusters have
been selected, for which age, distance, reddening, and metallic-
ity are being determined in a homogeneous way. For most of the
clusters they obtained their own photometry, and for a large por-
tion high-resolution spectra were acquired using only a few in-
struments. Metallicities determined in a consistent way are pub-
lished for eight clusters so far.
The most ambitious current effort is the Gaia-ESO Public
Spectroscopic Survey (Gilmore et al. 2012, PIs S. Randich and
G. Gilmore), which will obtain medium- and high-resolution
spectra for about 105 Galactic stars during five years with one in-
strument (FLAMES-GIRAFFE-UVES). The target list includes
stars in about 100 OCs, and major efforts are put into the prepa-
ration of a homogeneous analysis of this unprecedented dataset
in a unique collaboration across more than ten research groups.
1 http://www.bo.astro.it/~angela/bocce.html
In the current paper, we aim to harvest the existing literature
in the best possible way. The motivation is to obtain an up-to-
date overview of the status and current limitations of OC metal-
licities. This is of crucial importance for the implementation of
the on-going surveys (in particular the Gaia space mission and
the Gaia-ESO survey) – concerning both the best selection of
target clusters and target stars, and the selection of clusters and
stars for calibration purposes. Our approach is to compile atmo-
spheric parameters and spectroscopic metallicities for individual
stars in each cluster and compare the results of different authors
for stars in common.
The article is arranged as follows: in Sect. 2 we describe the
selection of the metallicity determinations. In Sect. 3 we com-
pare the results obtained by different authors who studied the
same OCs, star-by-star as well as for the mean cluster metallic-
ity. We also assess the importance of spectrum quality for mean
cluster metallicity. In Sect. 4 we present our final high-resolution
sample. In Sect. 5 we compare our sample with others and dis-
cuss possible applications of our sample to the study of Galactic
structure, and Sect. 6 concludes the paper.
2. Data selection
2.1. High-resolution sample
To build a list of reference OCs with the most reliable metallici-
ties, we first gathered individual stars – highly probable mem-
bers of OCs – with atmospheric parameters determined from
spectra of high resolution (R = λ/∆λ) and high signal-to-
noise ratio (S/N). The lower limit in spectrum quality was set
to R=25000, and S/N=50. We searched the PASTEL database
(Soubiran et al. 2010) and the recent literature for such stars in
references posterior to 1990 and until June 2013. Only stars
with Teff< 7000 K were included to avoid rapid rotators and
chemical peculiarities. All determinations not in PASTEL at
the time of writing will be included in the database in the
next update. We eliminated confirmed non-members, spectro-
scopic binaries, and chemically peculiar stars and kept only stars
with a high probability of membership. Membership informa-
tion was mainly based on radial-velocity criteria presented in
Mermilliod et al. (2008, 2009). Criteria presented in the articles
from which we gathered the spectroscopic determinations and
information extracted from the WEBDA2 (Mermilliod & Paun-
zen 2003) and Simbad databases were also used for membership
evaluation. We started with a list of 571 stars in 86 OCs, with
830 metallicity determinations from 94 papers. In Table 1 we
list the basic information for the full starting sample of cluster
members, which should be sufficient to extract their parameters
from the PASTEL catalogue (accessible via VizieR3).
2 http://webda.physics.muni.cz
3 http://vizier.u-strasbg.fr/viz-bin/VizieR?-source=
B%2Fpastel
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For comparison purposes, we also extracted mean cluster
metallicities from a number of studies (post-1990) at high res-
olution and low S/N (< 50), and also at medium resolution
(R < 25000, high and low S/N), that is, below the quality cri-
teria defined above. Some of these determinations are discussed
in Sect. 3.3 at the individual star level, and several are included
in Sect. 3.7 at the cluster level. The remaining determinations are
not further discussed in this paper. For future reference, we list
them in Table 2.
2.2. Low-resolution sample
As low-resolution spectroscopic metallicity investigations
we considered spectra taken at R ≈ 1000 − 2000, from
which spectroscopic indices, that is, the strength of absorption
features, were measured (predominantly Fe I and Fe peak
blends). A calibration giving the index strength as a function
of the atmospheric parameters allows one to determine the
metallicity. Low-resolution studies of OC stars are relatively
rare in the literature. In addition to a query within ADS, the
bibliography of the OC database WEBDA was used, and refer-
ences in high-resolution studies were checked in this respect.
We found Friel & Janes (1993), Thogersen et al. (1993),
Friel et al. (2002), Worthey & Jowett (2003), and
Marshall et al. (2005), the first three of which claim to be
on the same metallicity scale. Since Friel et al. (2002) revised
the results of the former two studies in combination with new
data, we included only their metallicity determinations of 39
OCs in total. Additionally, we adopted the result for the cluster
NGC 6705, investigated by Thogersen et al. (1993), which is
not listed in Friel et al. (2002) due to their restriction to ages
older than 0.7 Gyr. Friel et al. (2002) and Marshall et al. (2005)
determined [Fe/H] based on spectroscopic indices defined in
Friel (1987)4. Worthey & Jowett (2003) used seven indices on
the Lick/IDS system defined in Worthey et al. (1994).
Worthey & Jowett (2003), and Marshall et al. (2005) seem
to present a higher metallicity scale than Friel et al. (2002).
Worthey & Jowett (2003) studied two clusters (NGC 188 and
NGC 6791) and obtained a metallicity about 0.2 dex higher than
Friel et al. (2002) for both clusters. Marshall et al. (2005) have
three clusters (out of seven) in common with Friel et al. (2002),
indicating a similar tendency (an offset between 0.1 and
0.2 dex). The only exception is NGC 6705, for which the
result of Marshall et al. (2005) is slightly lower than that of
Thogersen et al. (1993, they agree within the errors).
In total, we found 49 metallicity values for 43 individual
clusters investigated with low-resolution spectroscopy, of which
34 are also included in the high-resolution sample. Four of
the low-resolution clusters have neither photometric nor high-
resolution spectroscopic metallicities. Some of these determi-
nations are discussed in Sects. 3.2 to 3.4 and in Sect. 3.7. The
remaining determinations are not discussed in this paper. For fu-
ture reference, we list them in Table 3. A detailed comparison
of these results, and if possible, a recalibration by means of the
high-resolution sample, is planned for the next paper in this se-
ries.
4 Six and eleven indices were used in the two works, respectively.
3. Assessment of spectroscopic metallicities
3.1. Mean metallicities and quoted errors for the
high-resolution sample
A significant number of individual OCs in the high-resolution
sample were studied by different authors with different instru-
ments, methods, and line lists. Throughout this article, we use
the term metallicity synonymously with iron abundance, [Fe/H].
Different authors used different approaches for determining the
iron abundances – using either only Fe I lines or only Fe II lines,
or both. If abundances for both ions are given, we used the metal-
licity value as given by the authors, which can be either an un-
weighted mean of Fe I and Fe II abundances or a mean weighted
by the number of lines used in each case. In the few cases where
metallicity values for individual stars are not clearly stated, we
formed an unweighted mean of Fe I and Fe II abundances. In the
majority of the publications the metallicity is based on Fe I only.
In about 10% of the cases a weighted mean is given. Another
10% achieved ionization equilibrium in the analysis by adapting
the atmospheric parameters to such an extent that the Fe I and
Fe II abundances agree exactly. There is also a strong variation
in the number of Fe lines used for the analysis, which can be
anything between two and 130 Fe I lines (and individual publi-
cations with 180 or 265 lines), and one to 15 Fe II lines (40 lines
in one publication).
These variations are partly due to the different telescopes
and instruments used to obtain the observed spectra, in partic-
ular their wavelength coverage. The observations were obtained
at about 30 different telescopes, most of them in the 2–4 m class,
and a few at 8–10 m. Echelle spectrographs were used for most
observations, providing a large wavelength coverage, but set-
tings focussing on different parts of the optical region were used.
The minimum wavelength of the spectra varies between publica-
tions from 360 to 700 nm, and the maximum wavelength from
600 to 1060 nm.
We show the individual metallicities averaged by OC and by
reference in Fig. 1 and list them in Table 4. The figure shows a
certain lack of homogeneity for the clusters studied by several
authors. The errors on individual [Fe/H] determination quoted by
the authors are typically around 0.1 dex, and for most determi-
nations they are less 0.2 dex (see Fig. 2). Only 14 determinations
for seven clusters in six papers have quoted metallicity errors be-
tween 0.25 and 0.35 dex (Berkeley 22, Jacobson & Friel 2013;
Berkeley 29 and NGC 2141, Yong et al. 2005, see also
Sect. 3.6; Collinder 261, Friel et al. 2003, see also Sect. 3.5;
NGC 2112, Brown et al. 1996, see also Sect. 3.7; NGC 3680,
Pasquini et al. 2001, see also Sect. 3.4; NGC 6705,
Santos et al. 2012). For 81 determinations, the authors do
not quote any error for the metallicity. There is a weak depen-
dence of errors on Teff and [Fe/H], such that the largest errors
are quoted for stars with Teff<5000 K and [Fe/H]< −0.1 dex.
We note that the errors quoted by most authors are in fact
the standard deviations of the abundances determined from the
selected Fe lines, with the exception of Pancino et al. (2010) and
Carrera & Pancino (2011). These authors quote the standard er-
ror of the line abundances, and we multiplied their errors by the
square root of the number of lines used. The uncertainty in stel-
lar parameters causes an additional uncertainty in the Fe abun-
dances. This type of external error is typically estimated to be
0.1 dex in the publications included in this work. An additional
source of systematic differences between different studies might
arise from the choice of the solar reference metallicity. We did
not assess the extension of this effect for each individual paper.
However, for the studies that are based on a differential anal-
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Table 2. Mean cluster metallicities and references for lower-quality studies not discussed in the paper (not in Tables 9 or 10).
High-resolution, low SNR (< 50) studies
Cluster ID mean [Fe/H] std. dev. resolution # star type reference
Berkeley 21 −0.54 0.20 48000 3 giant Hill & Pasquini (1999)
Berkeley 22 −0.32 0.19 34000 2 giant Villanova et al. (2005)
Berkeley 25 −0.20 0.05 40000 4 giant Carraro et al. (2007b)
Berkeley 66 −0.48 0.24 34000 2 giant Villanova et al. (2005)
Berkeley 73 −0.22 0.10 40000 2 giant Carraro et al. (2007b)
Berkeley 75 −0.22 0.20 40000 1 giant Carraro et al. (2007b)
NGC 2355 −0.07 0.11 42000 15 giant Soubiran et al. (2000)
Ruprecht 4 −0.09 0.05 40000 3 giant Carraro et al. (2007b)
Ruprecht 7 −0.26 0.05 40000 5 giant Carraro et al. (2007b)
Medium-resolution, high SNR (> 50) studies
Cluster ID mean [Fe/H] std. dev. resolution # star type reference
IC 2581 −0.34 18000 1 giant Luck (1994)
IC 4725 0.17 0.09 18000 3 giant Luck (1994)
NGC 2168 −0.21 0.10 20000 9 dwarf Barrado y Navascués et al. (2001)
NGC 2425 −0.15 0.09 21000 4 giant Jacobson et al. (2011b)
NGC 3293 0.14 0.11 ∼20000 2 giant+dwarf Trundle et al. (2007)
NGC 4755 0.39 0.25 ∼20000 1 dwarf Trundle et al. (2007)
NGC 6067 0.01 0.12 18000 7 giant Luck (1994)
NGC 6087 −0.01 0.23 18000 3 giant Luck (1994)
NGC 6611 0.17 0.15 20000 1 dwarf Trundle et al. (2007)
NGC 6882/5 −0.02 0.01 18000 2 giant Luck (1994)
Tombaugh 2 −0.28 0.08 21000 7 giant Frinchaboy et al. (2008)
Tombaugh 2 −0.31 0.02 ∼17000 13 giant Villanova et al. (2010)
Medium-resolution, low SNR (< 50) studies
Cluster ID mean [Fe/H] std. dev. resolution # star type reference
NGC 1883 −0.20 0.22 20000 2 giant Villanova et al. (2007)
NGC 6253 0.36 0.20 15000 2 giant Carretta et al. (2000)
NGC 6791 0.40 0.10 20000 1 BHB Peterson & Green (1998)
NGC 6791 0.39 0.05 20000 10 giant Carraro et al. (2006)
ysis with respect to a solar spectrum or that use astrophysical
oscillator strengths, the derived or adopted value of the solar Fe
abundance is not important. We expect this to be the case for
the majority of the publications. The remaining studies may be
affected by external errors of up to 0.1 dex.
Standard deviations of the mean cluster metallicity from each
individual paper are mostly lower than 0.1 dex, with a peak
below 0.05 dex, which shows that the internal uncertainties of
metallicity determinations are probably lower than the quoted er-
rors (see Fig. 2). When we combine all determinations per clus-
ter from all papers, the peak of the standard deviations is slightly
higher than 0.05 dex, which suggests that external errors are in-
herent in the datasets. In the following sections, we investigate
some cases with a large number of metallicity determinations
by different authors, including low-resolution studies, and some
cases with large standard deviations around the mean metallicity.
In the high-resolution sample, there are 26 OCs for which
metallicity determinations are available for fewer than three
stars. The reliability of the metallicities for these clusters is dif-
ficult to assess. We will apply the conclusions drawn from the
comparisons for the well-studied clusters5 to these poor-studied
ones for the selection of the final spectroscopic OC metallicity
sample.
5 The starting sample contains 47 clusters with three to ten stars, ten
clusters with twelve to 20 stars, two clusters with 29 stars, and one with
76.
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Table 3. Mean cluster metallicities for low-resolution studies of giant stars in clusters not discussed in the paper (not in Table 9). The references
are Friel et al. (2002); Worthey & Jowett (2003); Marshall et al. (2005).
Cluster ID mean [Fe/H] std. dev. # first author Cluster ID mean [Fe/H] std. dev. # first author
Berkeley 17 -0.33 0.12 13 Friel NGC 2099 0.05 0.14 8 Marshall
Berkeley 20 -0.61 0.14 6 Friel NGC 2141 -0.33 0.10 6 Friel
Berkeley 21 -0.62 0.11 4 Friel NGC 2324 -0.06 0.07 4 Marshall
Berkeley 31 -0.40 0.16 17 Friel NGC 2324 -0.15 0.16 7 Friel
Berkeley 32 -0.50 0.04 10 Friel NGC 2360 -0.26 0.02 4 Friel
Collinder 261 -0.16 0.13 21 Friel NGC 2477 -0.13 0.10 28 Friel
IC 166 -0.34 0.16 4 Friel NGC 2506 -0.44 0.06 5 Friel
King 5 -0.30 0.17 19 Friel NGC 2539 -0.04 0.05 4 Marshall
King 8 -0.39 1 Friel NGC 3680 -0.19 0.05 7 Friel
King 11 -0.27 0.15 16 Friel NGC 3960 -0.34 0.09 5 Friel
Melotte 66 -0.47 0.09 4 Friel NGC 6819 -0.11 0.06 7 Friel
NGC 188 -0.10 0.09 21 Friel NGC 6819 0.07 0.24 4 Marshall
NGC 188 0.08 0.05 14 Worthey NGC 6940 -0.12 0.10 6 Friel
NGC 752 -0.18 0.04 9 Friel Pismis 2 -0.07 0.23 9 Friel
NGC 1193 -0.51 0.09 4 Friel Tombaugh 2 -0.44 0.09 12 Friel
Fig. 1. Mean metallicity of OCs per publication, as listed in Table 4.
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Fig. 2. Distribution of metallicity errors quoted by authors (red line)
compared with the distributions of standard deviations for mean metal-
licities per cluster for each paper (blue line), and for all papers (black
line), combining determinations for at least three stars.
3.2. Solar-metallicity cluster: M67
Metallicities for giant stars (log g≤ 3.0) in M67 (NGC 2682)
have been determined in a considerable number of publi-
cations since 1990, including the low-resolution studies by
Friel et al. (2002) and Marshall et al. (2005). Seven studies pub-
lished after 1990 are based on high-resolution, high-S/N spectra.
We plot the metallicities determined for ten individual giant stars
by more than one author at high and low resolution in Fig. 3 as a
function of reference Teff (see figure caption for references). The
reference Teff values were taken from Tautvaišiene et al. (2000)
except for Fagerholm 286 (average of Santos et al. 2009 and
Pancino et al. 2010). Each Teff value corresponds to one star, ex-
cept for Teff=4730 K, which corresponds to two stars. The ref-
erence Teff values agree to within 100 K with those given in
the individual publications. The internal uncertainties for the in-
dividual [Fe/H] values quoted by the authors range from 0.04
(Reddy et al. 2013) to 0.17 dex (Jacobson & Friel 2013), with a
mean of 0.12 dex. In addition, we show metallicity determina-
tions for four of these stars from two studies made before CCD
detectors became available (Cohen 1980; Foy & Proust 1981),
which are based on somewhat lower-resolution spectra, and at-
mospheric models and atomic data available at that time.
It is obvious that the metallicity determined from spec-
troscopic indices (Friel et al. 2002) is on a more metal-poor
scale than the high-resolution metallicities (∼0.1 dex differ-
ence). One of the older studies (Cohen 1980, R ≈17000) shows
a large systematic offset from the high-resolution studies, while
the other one (Foy & Proust 1981) agrees very well. All but
five of the high-resolution metallicities are confined within
±0.06 dex, with no obvious dependence on resolution or Teff .
Friel et al. (2010, Sect. 6.1.1) compared their results for three
stars (Fagerholm 105, 141, and 170) with three other studies
(for Fe as well as other elements), and arrived at similar con-
clusions. The extended comparison presented here indicates that
older abundance-analysis techniques applied to solar metallicity
giant stars have larger systematic uncertainties than modern ones
(post-1990).
For dwarf stars in M67 we found metallicities in six publi-
cations, all based on high-resolution and high S/N spectra. Ten
dwarf stars were analysed by at least two authors. We plot the
metallicities determined for these stars in Fig. 4 as a function of
reference Teff on the same vertical scale as in Fig. 3 for the gi-
ant stars (see figure caption for references). The reference Teff
values are averages of the determinations from different works.
Each Teff value corresponds to one star, except for Teff=6100 K,
which corresponds to two stars (see figure caption). The refer-
ence Teff values agree to within 100 K with those given in the in-
dividual publications. The quoted uncertainties for the individual
[Fe/H] values range from 0.03 (Randich et al. 2006) to 0.13 dex
(Hobbs & Thorburn 1991).
Among the dwarf analyses, the oldest study by
Hobbs & Thorburn (1991) stands out among the others be-
cause it shows the largest dispersion. Otherwise, the spread
in abundances is the same as for the giant stars. The lower-
resolution metallicities agree with the others, but the small
number of these points does not allow a general conclusion.
The star with the highest temperature (Sanders 997) is an
M67 blue straggler and a probable spectroscopic binary star
(Shetrone & Sandquist 2000). A comparison of dwarf and
giant metallicities for this extraction from the starting sample
of cluster members results in equal mean values within the
standard deviations (cf. Sect. 4 for a comparison based on the
full final sample). The mean of the 28 post-1990 high-resolution
values for giants (full and open black symbols in Fig. 3)
is −0.01 ± 0.05 dex, while the mean of the 15 most recent
high-resolution values for dwarfs (full black symbols in Fig. 4)
is 0.02±0.04 dex.
3.3. Metal-rich cluster: NGC 6791
For NGC 6791, we found five publications since 1990 with
metallicity determinations for 18 giant stars appearing in at least
two of them. We plot the metallicities determined for these stars
in Fig. 5 as a function of reference Teff on the same vertical and
horizontal scale as in Fig. 3 for the M67 giant stars (see figure
caption for references). The reference Teff values are averages of
the determinations from different works. Each Teff value corre-
sponds to one star (see figure caption). The reference Teff values
agree to within 100 K with those given in the individual publi-
cations. The minimum and maximum uncertainties for the indi-
vidual [Fe/H] values were found in two low-resolution studies
and represent the standard deviations of metallicities determined
from several indices (0.01 dex in Worthey & Jowett 2003, and in
0.2 dex Friel et al. 2002). There are no multiple metallicity de-
terminations available for dwarf stars in this cluster.
Again, the values from spectroscopic indices by
Friel et al. (2002) are lower than the others, by a larger
amount than at solar metallicity (∼0.3 dex). However, the
indices-based metallicities by Worthey & Jowett (2003) are
close to the values derived from higher-resolution spectra. There
is one star in common between the medium- and high-resolution
studies of Geisler et al. (2012), Carraro et al. (2006), and
Gratton et al. (2006), where the highest-resolution study gives
the highest metallicity. The error quoted by Gratton et al. (2006)
is twice as large as the difference, however, and thus the
difference is not significant. Nine additional stars are in common
between Geisler et al. (2012) and Carraro et al. (2006), and for
all except two stars, the metallicities agree very well. The mean
metallicity values derived from the whole samples of these
publications show differences similar to the standard deviations.
Geisler et al. (2012) determined [Fe/H]=0.42±0.05 for 16 stars,
Carraro et al. (2006) determined [Fe/H]=0.38±0.02 for ten
stars, and Gratton et al. (2006) determined [Fe/H]=0.47±0.07
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Fig. 3. Metallicity versus reference Teff for individual giant stars in NGC 2682 (M67) that were analysed by more than one author using high-
and low-resolution spectra. The metallicities are taken from the following publications: Cohen (1980); Foy & Proust (1981); Tautvaišiene et al.
(2000); Friel et al. (2002); Yong et al. (2005); Santos et al. (2009); Pancino et al. (2010); Friel et al. (2010); Jacobson & Friel (2013); and Reddy
et al. (2013). Data for the following stars are shown (reference Teff , number from Fagerholm 1906): (4250, 108); (4280, 170); (4450, 105); (4700,
164); (4710, 224); (4730, 141); (4730, 266); (4750, 84); (4760, 151); and (4800, 286). The bars at the upper right indicate minimum, mean, and
maximum uncertainties for the individual [Fe/H] values quoted in the publications.
for four stars6. These differences are probably not caused by the
different resolutions, because the analysis of five subgiants at
R = 45000 by Geisler et al. (2012) results in a mean metallicity
that agrees with all three of the medium- and high-resolution
studies of giants within the standard deviations (see Table 4).
Reasons for the differences could be the different instruments
used (Hydra at WIYN and SARG at TNG), different stellar
samples, different spectrum synthesis codes, and different line
lists (Gratton et al. 2006 used the broadest wavelength range).
3.4. Metal-poor clusters
To evaluate the influence of spectrum quality and analysis meth-
ods on the metallicities of metal-poor clusters, we compared re-
sults from 13 publications since 1990 for giant stars appearing
in ten different clusters. For these clusters, at least one deter-
mination gives a value of [Fe/H]=−0.3 dex or lower. We plot
the metallicities determined for the individual stars in Fig. 6 as
a function of Teff (see figure caption for references). The ref-
erence Teff values are taken from the works with highest reso-
lution (or are averages from works with the same resolution).
Each Teff value corresponds to one star, except for Teff=4100 K
in the lower panel and 4660 K in the upper panel, which cor-
respond to two stars each. The reference Teff values and iden-
tifications of the stars are listed in Table 5. The reference Teff
6 Note that Stetson 8082 is not included in Table 4 because its S/N is
lower than 50.
values agree to within 200 K with those given in the individ-
ual publications. The quoted uncertainties for the individual
[Fe/H] values range from 0.08 (Santos et al. 2009) to 0.3 dex
(Pasquini et al. 2001; Jacobson & Friel 2013), and the mean of
the uncertainties for high-resolution studies is 0.17 dex.
For these clusters, we can mainly compare the metallic-
ities by Friel & Janes (1993, Melotte 66, Berkely 21) and
Friel et al. (2002) based on spectroscopic indices to the high-
resolution metallicities. The mean star-by-star difference for 14
stars (excluding two stars in Pasquini et al. 2001) is −0.16 ±
0.07 dex, intermediate between the differences for M67 and
NGC 6791 (both at higher metallicity).
Five of the stars appear in two or more high-resolution
studies that are based on different observations: Berkeley 29
BHT 398, Berkeley 20 MPJF 8, and Berkeley 32 KM 17,
as well as two stars in NGC 3680 (discussed below). For
the two stars in Berkeley 29 and Berkeley 20, the study
by Sestito et al. (2008, S/N=25–50 and 40–80, respectively)
resulted in higher metallicities (by 0.14 dex)
than the studies by Carraro et al. (2004) and
Yong et al. (2005, S/N=70 and 56, respectively), while the de-
terminations for the star in Berkeley 32 by Sestito et al. (2006)
and Carrera & Pancino (2011) are in excellent agreement. There
are two other stars in Berkeley 32 (at Teff=4100 K), for which
Friel et al. (2010) and Jacobson & Friel (2013) analysed the
same observed spectra at R = 30000 and obtained consistent
metallicities. On the other hand, the lower panel of Fig. 6
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Fig. 4. Same as Fig. 3, for dwarf stars in M67 (NGC 2682). The metallicities are taken from the following publications: Hobbs & Thorburn
(1991); Friel & Boesgaard (1992); Shetrone & Sandquist (2000); Randich et al. (2006); Pace et al. (2008); and Santos et al. (2009). Data for
the following stars are shown (reference Teff , number from Sanders 1977): (5750, 746); (5850, 1255); (5900, 1048); (5950, 1256); (6050, 1283);
(6100, 1092); (6100, 1287); (6150, 994); (6200, 998); and (6600, 997). The S/N of the spectra used in the different publications is higher than 50,
except when stated otherwise. The bars to the right of the legend indicate minimum and maximum uncertainties for the individual [Fe/H] values
quoted in the publications.
shows nine stars in five clusters, for which Yong et al. (2012)
and Jacobson & Friel (2013) analysed the same spectra at
R = 47000. The derived metallicities are systematically different
by 0.14 dex. Note that the largest differences of about 0.2 dex
are seen for the two stars with Teff<4000 K.
At this point, we refer to the extensive comparison work pre-
sented by Friel et al. (2010, Appendix) for Berkeley 32. They
used the line lists and equivalent widths measured for nine stars
by Sestito et al. (2006) and determined abundances and atmo-
spheric parameters with their own methods. A detailed discus-
sion of the possible effects of variations in individual analy-
sis ingredients is given. For one star (KM 18), they indepen-
dently measured equivalent widths in the spectrum used by
Sestito et al. (2006) and found excellent agreement. On the other
hand, using different selections of lines for the abundance deter-
mination (for a fixed set of atmospheric parameters) resulted in
[Fe/H] differences of up to 0.15 dex.
For NGC 3680, the metallicities from high-resolution stud-
ies cluster around two significantly different values (no. 63
in Table 4): Santos et al. (2009) obtained a solar value (based
on three giant and two dwarf stars), close to the results
by Smiljanic et al. (2009) for one of the three giants and
the results of Pace et al. (2008) for the same two dwarfs at
R=100000. On the other hand, Pasquini et al. (2001) deter-
mined low metallicities ([Fe/H]≈ −0.3 dex) for six giant stars,
which include the three stars studied by Santos et al. (2009)
and Smiljanic et al. (2009, see Fig. 6). First, we note that
Pasquini et al. (2001) quoted metallicity errors of 0.25 to
0.35 dex, which are among the largest quoted in any publication.
These errors were computed in an unconventional way – stan-
dard deviations of line abundances (interpreted as random er-
rors due to uncertainties in equivalent widths and atomic param-
eters) were added linearly and not in quadrature to metallicity
errors due to uncertainties in atmospheric parameters (estimated
to be 0.18 dex). The errors are thus probably overestimated com-
pared with those of other authors. Second, for their final clus-
ter metallicity, Pasquini et al. (2001) excluded the star EGG 41
with the lowest metallicity, because they did not trust the Teff
value, and the star EGG 34 ([Fe/H]=−0.07 dex, not shown in
Fig. 6), because they suspected it to be a binary star. This does
not change the low cluster metallicity ([Fe/H]=−0.27±0.03 dex).
In addition, they added a +0.1 dex systematic error estimated
from two Hyades stars, and quoted a final cluster metallicity of
−0.17±0.12 dex – closer to the other studies, but still signifi-
cantly lower. Because of these discrepancies, which indicate sys-
tematic errors in the determinations by Pasquini et al. (2001), we
decided to disregard these determinations for the computation of
the average metallicity of NGC 3680 (Sect. 4).
3.5. Peculiar case: Collinder 261
The cluster Collinder 261 has been studied in four different
publications, all at high resolution and high S/N. The analy-
ses resulted in four different cluster metallicities, from −0.2 to
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Fig. 5. Same as Fig. 3, for giant stars in NGC 6791. The metallicities are taken from the following publications: Worthey & Jowett (2003); Friel
et al. (2002); Geisler et al. (2012); Carraro et al. (2006); and Gratton et al. (2006). Data for the following stars are shown (reference Teff in K, star
number from Stetson et al. 2003): (3860, 8904); (3930, 7972); (3940, 8266); (3970, 5342); (4000, 11814); (4090, 8563); (4120, 10898); (4130,
8988); (4190, 4952); (4200, 6288); (4400, 3369); (4410, 4715); (4420, 7922); (4430, 2723); (4440, 9462); (4450, 10806); (4460, 8082); and (4470,
9316). The bars to the right indicate minimum and maximum uncertainties for the individual [Fe/H] values quoted in the publications.
+0.1 dex in steps of 0.1 dex (no. 12 in Table 4). Figure 7 shows
the metallicity determinations for individual giant stars from all
four works and their [Fe/H] uncertainties. Six stars were stud-
ied by more than one author, and the data for these are con-
nected with lines in the figure. Star identifications, data, and
references are given in Table 6. All four works are based on
similar-quality data from three different instruments (S/N≈100,
R ≈ 45000, except for Friel et al. 2003 with R ≈ 25000). All
four works are based on an equivalent-width analysis, and three
of them used the same code for computing the model equivalent
widths (MOOG, Sneden 1973). They derived the stellar atmo-
spheric parameters in the same way, forcing excitation and ion-
ization equilibrium on the line abundances. Thus, the diverging
results obtained by these authors could be due to differences in
the model atmospheres, spectral-line selection, and atomic data.
Additional probable sources for discrepancies are continuum
tracing and equivalent-width measurement (Sestito et al. 2008).
In three of the publications, the model atmospheres were
those of R. Kurucz, although different versions were used:
Carretta et al. (2005) and Sestito et al. (2008) used models from
the grid on CDROM (Kurucz 1993), while De Silva et al. (2007)
interpolated in the grid published by (Castelli et al. 1997).
Friel et al. (2003) interpolated in the grid of Bell et al. (1976).
In Table 7, we list the number of iron lines used per star and the
corresponding wavelength ranges. These properties of the line
lists are very similar, except for that of De Silva et al. (2007),
which includes bluer wavelengths. All four works derived metal-
licities with respect to a reference object. Friel et al. (2003)
used oscillator-strength values derived from an Arcturus spec-
trum. Carretta et al. (2005) and Sestito et al. (2008) quoted their
Fe abundances relative to abundances derived from a so-
lar analysis using equivalent widths measured from high-
resolution solar atlases. The homogeneity of the abundances by
De Silva et al. (2007) within the cluster was achieved by a dif-
ferential line-by-line abundance analysis relative to one of the
cluster stars, whereas the abundance zero-point was given by
the adopted solar abundance from Sneden et al. (1992). These
analysis approaches should minimize the uncertainties caused
by atomic line data, although to different degrees. The determi-
nation of gravity could be a major source for the differences, be-
cause it relies on ionization balance between abundances from
Fe I and Fe II lines. Since Fe II lines are scarce in spectra of cool
stars, the derived gravity critically depends on the set of Fe II
lines used and the accuracy of their equivalent widths. However,
for only two of the six stars in common, there are significant dif-
ferences in gravity (PJM 1871 – the coolest star, and PJM 1045
at 4400–4500 K, see Table 6), and the differences in gravity do
not seem to be correlated with differences in abundances.
Carretta et al. (2005) provided a detailed comparison of their
work with Friel et al. (2003). They showed that the equiva-
lent widths of Friel et al. (2003) are systematically smaller for
stronger lines (&80 mÅ) for the lines in common (among which
there are 24 Fe I lines). This could in part explain the lower
metallicities. On the other hand, Carretta et al. (2005) used the
Friel et al. (2003) equivalent widths and their own methods for
the star with the largest abundance difference (PJM 2105), and
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Fig. 6. Same as Fig. 3, for giant stars in ten different metal-poor clusters (five each in the upper and lower panels). The metallicities are taken
from the following publications: Friel & Janes (1993); Gratton & Contarini (1994); Pasquini et al. (2001); Friel et al. (2002); Carraro et al. (2004);
Yong et al. (2005); Sestito et al. (2006, 2008); Santos et al. (2009, Table 3); Friel et al. (2010); Carrera & Pancino (2011); Yong et al. (2012);
and Jacobson & Friel (2013). For star identifications and corresponding reference Teff see Table 5. The bar below the legend in the upper panel
indicates the mean of the uncertainties for the individual [Fe/H] values quoted in the high-resolution publications (ranging from 0.04 to 0.3 dex).
derived an [Fe/H] value close to that obtained from their own
data. They ascribed this to their different approach in estimating
the microturbulent velocity (based on computed instead of ob-
served equivalent widths). For the test star, the microturbulence
derived by Carretta et al. (2005) is indeed 0.25 kms−1 lower.
However, for two other stars with (smaller) abundance differ-
ences, the microturbulence is about 0.1 kms−1 higher.
De Silva et al. (2007) compared their results with those of
Carretta et al. (2005), and noted that they are similar except for
the coolest star with lowest gravity (PJM 1871). They also per-
formed a test on three stars, using two different types of model
atmospheres (Kurucz and MARCS, Asplund et al. 1997), and
found that the differences in Fe abundance were lower than
0.03 dex.
Collinder 261 is a rather old OC, located in the in-
ner disk, which makes it an interesting object for studying
the evolution of metallicity distributions in the Galactic disk.
It is included in the list of standard clusters proposed by
Paunzen & Netopil (2006), with an age of 8.8 Gyr and a dis-
tance of 2.2 kpc. There is no photometric metallicity determina-
tion available, that is, it is not included in Paper I. Therefore, we
used the method of Pöhnl & Paunzen (2010) (see also Sect. 4)
to estimate its metallicity using B,V, I photometry, published
by Gozzoli et al. (1996) and Phelps et al. (1994, V and I only).
The Phelps et al. (1994) photometry was brought onto the scale
by Gozzoli et al. (1996) by applying corrections of +0.031 and
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Fig. 7. Metallicity versus Teff for individual giant stars in Collinder 261.
For star identifications, data, and references see Table 6.
+0.033 mag for V and V − I, respectively. An average and stan-
dard deviation of the photometry was calculated. We selected
only stars available in both studies with errors < 0.05 mag, cov-
ering the whole cluster. The colour-colour and colour-magnitude
diagrams were examined to select most probable main-sequence
cluster members.
The method is based on grids of evolutionary models, orig-
inally for [Fe/H] from −0.7 to +0.4 and ages up to 4 Gyr,
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Table 5. Reference Teff values and identifications of giant stars in ten
different metal-poor clusters (see Fig. 6).
Teff Cluster ID 1 ID 2
3930 Berkeley 22 K 643
3980 Pfleiderer 4 RGB 1 J23505744+6220031†
3990 Melotte 66 KJF 2236 4151
4100 Berkeley 32 KM 2 DBT 2689
4100 Berkeley 32 KM 4 DBT 1556
4110 NGC 2243 4209 MMU 3633
4380 Berkeley 22 K 414
4400 Berkeley 18 K 1383
4400 Berkeley 20 MPJF 8 SBR 1240
4500 NGC 2243 4110 MMU 1313
4510 Berkeley 21 TPM 51 415a‡
4510 NGC 3680 EGG 44 AHTC 1031
4580 Berkeley 18 K 1163
4640 Berkeley 21 TPM 50 50‡
4650 NGC 3680 EGG 26 AHTC 3017
4660 NGC 3680 EGG 13 AHTC 3003
4660 NGC 3680 EGG 53 KGP 1873
4680 NGC 3680 EGG 41 AHTC 1050
4700 Berkeley 32 KM 12 DBT 1393
4750 Melotte 66 KJF 1953 SBR 1346
4760 Berkeley 32 KM 19 DBT 787
4780 Berkeley 32 KM 27 DBT 605
4830 Berkeley 32 KM 17 DBT 533
4890 Berkeley 32 KM 16 DBT 737
4980 Berkeley 32 KM 18 DBT 997
5020 Berkeley 29 BHT 398 FMP 948
Notes. Columns ID 1 and ID 2 give two alternative identifications, with
acronyms used by the Simbad database, with some exceptions. ID 1
corresponds to the numbering system adopted by WEBDA, except for
Berkeley 32 and Pfleiderer 4. (†) 2MASS (‡) Numbering by Christian &
Janes (1979)
which were extended to older ages using Geneva isochrones
(Lejeune & Schaerer 2001). To transform V − I into effective
temperatures (in addition to B−V), the empirical relation for A to
K dwarfs by Bessell et al. (1998) as well as their colour-excess
ratios (including colour terms) were used.To transform the pho-
tometry into the Teff− log(L/L) plane, the cluster parameters by
Paunzen & Netopil (2006) were adopted. Since only E(B−V) is
tabulated, the temperatures deduced from V − I were scaled to
the B−V results by applying an offset of −0.04 mag to the trans-
formed reddening value. This offset can either be due to a small
error in the calibration or to an abnormal reddening law in this
direction. The final temperatures from both indices agree within
< 2%, and were averaged. All other steps of the method were
applied as given in Pöhnl & Paunzen (2010).
In Fig. 8, the best-fit isochrone for the given parame-
ters can be found, which results in a metallicity estimate
of Z=0.021 (heavy-element-mass fraction, corresponding to
[Fe/H]≈0.05 dex for Z=0.019 and a helium-mass fraction Y =
0.23+2.25Z). This supports the spectroscopic results around so-
lar metallicity or higher. In addition, the low-resolution result by
Friel et al. (2002) with [Fe/H]=−0.16 dex would support solar
metallicity, when applying an ad-hoc correction of +0.2 dex, as
suggested by comparison with high-resolution results (see e.g.
Sect. 3.7).
Table 6. Atmospheric parameters and identifications of giant stars in
Collinder 261 (see Fig. 7).
Teff log g [Fe/H] Reference ID
3950 0.5 −0.01 De Silva et al. (2007) PJM 1871
3980 0.4 −0.32 Carretta et al. (2005) PJM 1871
4000 0.7 −0.31 Friel et al. (2003) PJM 1871
4180 1.6 −0.08 Carretta et al. (2005) PJM 2105
4300 1.8 −0.02 De Silva et al. (2007) PJM 1485
4300 1.5 −0.32 Friel et al. (2003) PJM 2105
4340 1.8 −0.06 Carretta et al. (2005) PJM 1485
4350 1.7 +0.12 Sestito et al. (2008) SBR 2
4400 2.1 −0.03 De Silva et al. (2007) PJM 1481
4400 1.5 −0.16 Friel et al. (2003) PJM 1045
4450 1.8 −0.01 De Silva et al. (2007) PJM 1045
4470 2.1 +0.01 Carretta et al. (2005) PJM 1045
4490 2.2 −0.11 Friel et al. (2003) PJM 1080
4500 2.1 +0.00 Carretta et al. (2005) PJM 1080
4500 2.1 +0.02 De Silva et al. (2007) PJM 1080
4500 2.0 +0.01 De Silva et al. (2007) PJM 27
4500 2.3 +0.16 Sestito et al. (2008) SBR 6
4500 1.9 −0.03 De Silva et al. (2007) PJM 29
4546 2.2 +0.18 Sestito et al. (2008) SBR 7
4550 2.0 +0.00 De Silva et al. (2007) PJM 2001
4580 1.8 −0.02 Carretta et al. (2005) PJM 2001
4600 2.0 +0.00 De Silva et al. (2007) PJM 1526
4600 2.0 +0.14 Sestito et al. (2008) SBR 5
4600 2.0 −0.01 De Silva et al. (2007) PJM 1801
4650 2.3 −0.01 De Silva et al. (2007) PJM 1472
4670 2.2 +0.09 Sestito et al. (2008) SBR 11
4700 2.4 +0.20 Sestito et al. (2008) SBR 10
4720 2.1 +0.04 Sestito et al. (2008) SBR 9
Notes. Column ID gives the star identification, with acronyms used by
the Simbad database.
Table 7. Abundance analyses of Collinder 261 stars – approximate
number of Fe I and Fe II lines used per star, and corresponding wave-
length ranges.
Fe I Fe II
Reference n λ [nm] n λ [nm]
Friel et al. (2003) 40 538 – 785 8 541 – 652
Carretta et al. (2005) 100 550 – 700 10 550 – 700
De Silva et al. (2007) 60 422 – 620 12 449 – 615
Sestito et al. (2008) 100 550 – 681 13 553 – 652
In conclusion, we decided to disregard the determinations by
Friel et al. (2003) for the computation of the average metallicity
of Collinder 261 (Sect. 4) because of the lower resolution and
the inconsistencies with the other three studies.
3.6. Other cases with high dispersion or large discrepancies
Melotte 20: The highest dispersion in the high-resolution
sample occurs for Melotte 20 (α Per cluster), studied by
Gonzalez & Lambert (1996, see Table 4) – 0.26 dex for three
stars, one supergiant and two dwarfs. For one of the dwarf
stars (HE 490), their result is close to the only other
high-resolution study for four dwarf stars in this cluster
(Boesgaard & Friel 1990), and to metallicity estimates from
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Fig. 8. Theoretical HR-diagram illustrating the photometric metallicity
determination for Collinder 261 using the method by Pöhnl & Paun-
zen (2010). Logarithmic luminosity is plotted versus normalized log-
arithmic effective temperature, TN = logTeff− logTeff(ZAMS), where
Teff(ZAMS) is the Teff of a zero-age main-sequence with solar compo-
sition for a given luminosity (see Table 4 of Pöhnl & Paunzen 2010).
Using the parameters by Paunzen & Netopil (2006), the metal-
licity was determined as Z=0.021 ([Fe/H]≈0.05 dex, isochrone
shown as thick line). In addition, the isochrone for Z=0.012
([Fe/H]≈ −0.2, thin line) is shown, representing the high-
resolution metallicity value of Friel et al. (2003).
lower-resolution spectroscopy and photometry. The metallicity
of the second dwarf star (HE 767) is about 0.2 dex higher.
Gonzalez & Lambert (1996) discussed several possible explana-
tions for this discrepancy, but did not find supporting evidence
for any of them and concluded that the problem remains un-
resolved. The metallicity of the supergiant (α Per, log g=1.2)
is about 0.3 dex lower than that of HE 490. The authors as-
cribed this discrepancy to non-LTE effects, based on a con-
temporary estimation of these effects for metal-poor stars with
similar Teff , but slightly larger log g (Lambert et al. 1996). We
note that the Gonzalez & Lambert (1996) analysis used stellar-
atmosphere models obtained from R. Kurucz in 1992, which
assume plane-parallel geometry. However, the extended atmo-
spheres of supergiants are more accurately described by spheri-
cal geometry. According to Heiter & Eriksson (2006), the inap-
propriate geometry leads to an overestimation of Fe abundances
by ≈0.05 dex for the stellar parameters and Fe lines used by
Gonzalez & Lambert (1996), that is, in the opposite direction of
the non-LTE effect.
IC 4651: This cluster appears in four high-resolution studies
(no. 16 in Table 4). In the study by Carretta et al. (2004), the
large dispersion of 0.19 dex obtained for the average metallic-
ity of five stars agrees with the individual errors quoted by the
authors. However, the large dispersion is due to one star, a cool
giant near the RGB tip (IC 4651 56, log g=0.3). The metallicity
of this star is about 0.4 dex lower than that of the other four stars,
which are red clump stars. Again, the authors ascribed the dis-
crepancy to non-LTE effects, supported by the large difference
between spectroscopic and photometric (evolutionary) gravities
determined for the RGB tip star. For this type of star, geome-
try only affects abundances derived from Fe II lines, which may
be underestimated by ≈0.05 dex (Heiter & Eriksson 2006). The
mean cluster metallicity quoted by the authors (0.11±0.01 dex)
is based on the four red clump stars. It has the smallest dispersion
of the four studies and agrees perfectly with the others.
Collinder 121: Only one star in this cluster, the supergiant
HD 50877, has been studied by two authors. Mallik (1998)
quoted [Fe/H]=+0.25, and Hekker & Meléndez (2007) obtained
[Fe/H]=−0.32. They also quoted substantially different Teff and
log g values (3200 K/0.0 and 3900 K/0.65, respectively). As
mentioned above, non-LTE effects are suspected to occur in the
atmospheres of supergiants, and therefore these stars are poorly
suited to estimate the metallicity of an OC.
NGC 2141: Two different stars were studied in three publi-
cations (one each by Yong et al. 2005 and Jacobson et al. 2009,
and both by Jacobson & Friel 2013). Both stars are bright gi-
ants (log g=1.2). The first two works resulted in rather differ-
ent metallicities (−0.18 ± 0.15 dex and +0.00±0.16 dex, re-
spectively). Although these values agree within the quoted er-
rors, the large errors and the large discrepancy point to consid-
erable uncertainties inherent in the atmospheric modelling of
these stars. Jacobson et al. (2009, Sect. 5.1.3) investigated this
problem in more detail. They obtained the spectrum used by
Yong et al. (2005) taken with the same instrument and setup,
and two more spectra of the same stars with higher resolu-
tion, but lower S/N used by Bosler (2004), who had derived an
even lower metallicity for the two stars. Analysing these spec-
tra from scratch in the same way as their own observations, they
arrived at a consistent metallicity close to solar. They demon-
strated that different values for the microturbulence parameter
are a major source for the abundance differences. Systematic
differences in measured equivalent widths and different sets of
spectral lines may contribute as well. Jacobson & Friel (2013)
reanalysed the same spectra as were used in Yong et al. (2005)
and Jacobson et al. (2009) with a new version of the radiative
transfer code and more recent, spherical stellar atmosphere mod-
els than Jacobson et al. (2009). They obtained consistent metal-
licities of −0.09± 0.18 dex for the two stars, and for the Fe I and
the Fe II line lists, that is, in between the previous discrepant
determinations.
NGC 2632: For Praesepe, metallicity determinations are avail-
able for 15 different stars (three giants and twelve dwarfs) in four
publications (no. 58 in Table 4). In each paper, a different set of
stars was analysed, which makes a direct comparison impossi-
ble. The results in each of the three publications using dwarf
stars show small dispersions for their respective stellar samples
(at most 0.04 dex for two to six stars), but the mean metallicities
are significantly different from each other (by 0.07 to 0.23 dex).
The discrepancies might be due, apart from the different objects
studied, to the different spectroscopic material, and the different
selection of Fe lines used. In particular, the wavelength regions
and spectral resolutions vary between the three works, while the
S/Ns are similar (see Table 8). It is curious that the study based
on the spectra with the highest resolution quotes the most dis-
crepant value. The metallicity derived by An et al. (2007) for
dwarf stars agrees best with the value obtained for giants by
Carrera & Pancino (2011).
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Table 8. Abundance analyses of NGC 2632 stars (Praesepe) – mean [Fe/H] values and standard deviation, spectrum quality, approximate number
of Fe I and Fe II lines used, and corresponding wavelength ranges.
Fe I Fe II
[Fe/H] Reference R S/N n λ [Å] n λ [Å]
dwarfs
+0.04 ± 0.03 Friel & Boesgaard (1992) 28k 100–200 7/14 7015–7205
+0.11 ± 0.00 An et al. (2007) 55k >100 15 5300–6200 9 4490–6150
+0.27 ± 0.04 Pace et al. (2008) 100k ≈80 60 4800–6800 10 4800–6800
giants
+0.15 ± 0.05 Carrera & Pancino (2011) 30k 150–215 177 5055–8945 9 5991–7711
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Fig. 9. Mean cluster metallicity determined by different authors from spectra with different resolution versus reference [Fe/H]. High resolution:
R ≥ 25000, medium resolution: R ≥ 13000, low resolution: R ≈ 1000, spectroscopic indices. All spectra have high S/N. The reference [Fe/H]
values are given in Table 9. The solid line is the one-to-one relation. The bars below the legend represent the average standard deviations of the
cluster means for high, medium, and low resolution from left to right, respectively. Metallicities and references for medium- and low-resolution
studies are given in Table 9. Metallicities and references for high-resolution studies are given in Table 4.
3.7. Importance of spectrum quality for mean cluster
metallicity
We now turn from comparing determinations for individual stars
to a comparison of mean cluster metallicities based on low-
, medium- and high-resolution spectra, all with high S/N. We
started from a list of 33 clusters studied at medium resolution
(13000 ≤ R < 25000) and searched for low- or high-resolution
determinations for the same clusters. In total, we found multiple-
resolution determinations for 23 clusters. Nineteen of these have
determinations from low-resolution spectra (spectroscopic in-
dices) in four publications. The medium-resolution determina-
tions are taken from ten publications. The low- and medium-
resolution references are listed in Table 9.
The cluster Tombaugh 2 is not included in Table 9.
It is part of the Friel et al. (2002) sample, and has been
studied at medium resolution by Frinchaboy et al. (2008) and
Villanova et al. (2010). These two authors analysed 14 and 13
radial velocity members, respectively, using the same instru-
ment, but different wavelength regions. Frinchaboy et al. (2008)
obtained two different mean metallicities (about solar and
−0.3 dex) for the two halves of their sample, while
Villanova et al. (2010) arrived at a consistent metallicity of about
−0.3 dex for all of their stars. The possible reasons for the dif-
ferent results are discussed at length in Villanova et al. (2010).
We add that of the five stars in common between the two studies,
one has the same atmospheric parameters and metallicity, while
three have different parameters and metallicities, and one has dif-
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Table 9. Metallicities and references for medium- and low-resolution studies for clusters shown in Fig. 9.
Cluster ID ref. [Fe/H] mean [Fe/H] std. dev. resolution # star type reference
NGC2243 −0.480 −0.42 0.05 18000−20000 10 giant Jacobson et al. (2011a)
NGC2243 −0.480 −0.49 0.05 1250 9 giant Friel et al. (2002)
NGC2204 −0.230 −0.23 0.04 20000 13 giant Jacobson et al. (2011a)
NGC2204 −0.230 −0.32 0.10 1250 12 giant Friel et al. (2002)
Berkeley39 −0.220 −0.18 0.06 22500 21 giant Bragaglia et al. (2012)
Berkeley39 −0.220 −0.26 0.09 1250 14 giant Friel et al. (2002)
NGC1817 −0.110 −0.16 0.03 18000/21000 28 giant Jacobson et al. (2011b)
NGC1817 −0.110 −0.29 0.05 1250 3 giant Friel et al. (2002)
NGC2194 −0.090 −0.08 0.08 18000 6 giant Jacobson et al. (2011b)
NGC2158 −0.052 −0.25 0.09 1250 7 giant Friel et al. (2002)
NGC2158 −0.052 −0.28 0.05 14500/21000 15 giant Jacobson et al. (2011b)
NGC2355 −0.048 −0.08 0.08 18000 5 giant Jacobson et al. (2011b)
NGC2420 −0.044 −0.20 0.06 18000 9 giant Jacobson et al. (2011b)
NGC2420 −0.044 −0.38 0.07 1250 20 giant Friel et al. (2002)
IC2602 −0.020 −0.05 0.04 18000 6 dwarf Randich et al. (2001)
NGC3532 +0.010 +0.07 0.06 18000 5 giant Luck (1994)
IC4756 +0.018 −0.03 0.05 18000 4 giant Luck (1994)
IC4756 +0.018 −0.15 0.04 15000 6 giant Jacobson et al. (2007)
IC4756 +0.018 −0.25 0.08 1250 8 giant Friel et al. (2002)
NGC1245 +0.022 −0.04 0.05 18000 13 giant Jacobson et al. (2011b)
NGC1245 +0.022 −0.14 0.09 1150 7 clump Marshall et al. (2005)
NGC6633 +0.026 −0.10 0.02 13000 10 dwarf Jeffries et al. (2002)
NGC2682 +0.030 −0.01 0.05 14500/18000 19 giant Jacobson et al. (2011b)
NGC2682 +0.030 −0.05 0.04 1150 5 clump Marshall et al. (2005)
NGC2682 +0.030 −0.15 0.05 1250 25 giant Friel et al. (2002)
NGC7789 +0.040 +0.02 0.04 18000 28 giant Jacobson et al. (2011b)
NGC7789 +0.040 −0.24 0.09 1250 57 giant Friel et al. (2002)
NGC6939 +0.050 −0.19 0.09 1250 4 giant Friel et al. (2002)
NGC6939 +0.050 +0.00 0.10 15000 8 giant Jacobson et al. (2007)
NGC6705 +0.060 +0.14 0.16 1150 4 clump Marshall et al. (2005)
NGC6705 +0.060 +0.21 0.09 1200/2000 6 giant Thogersen et al. (1993)
NGC6705 +0.060 +0.23 0.13 24000 6 giant Gonzalez & Wallerstein (2000)
NGC5822 +0.080 −0.21 0.10 1250 3 giant Friel et al. (2002)
NGC5822 +0.080 +0.09 18000 1 giant Luck (1994)
NGC7142 +0.100 −0.10 0.10 1250 12 giant Friel et al. (2002)
NGC7142 +0.100 +0.08 0.06 15000 6 giant Jacobson et al. (2007)
NGC188 +0.110 −0.03 0.04 18000 27 giant Jacobson et al. (2011b)
NGC2112 +0.140 −0.36 1250 1 giant Friel et al. (2002)
NGC2112 +0.140 +0.02 16000 1 giant Brown et al. (1996)
NGC6791 +0.420 +0.11 0.10 1250 39 giant Friel et al. (2002)
NGC6791 +0.420 +0.32 0.02 ≈1000 14 giant Worthey & Jowett (2003)
NGC6791 +0.420 +0.42 0.05 15000 16 giant Geisler et al. (2012)
Notes. The second column lists the reference metallicity. The reference [Fe/H] values are the weighted means of high-resolution determinations
for all stars in each cluster (cf. Table 1; IC 4756, NGC 1245, and NGC 6633, as well as NGC 2158, NGC 2355, and NGC 2420 were shifted for
better visibility) or the medium-resolution determination for NGC 2204.
ferent parameters but the same metallicity. We note in particular
that the metallicity difference increases with the difference in mi-
croturbulence parameter between the two works. Two additional
radial-velocity members of Tombaugh 2 have been analysed by
Brown et al. (1996) at high resolution. However, no atmospheric
parameters are given, and for the metallicity only the absolute
value is quoted. Adopting the reference solar abundance for Fe I
given in Brown & Wallerstein (1992), who used the same analy-
sis methods, the metallicities of the two stars would be −0.6 and
−0.8 dex. We regard the status of this cluster as inconclusive.
All but one cluster are included in the high-resolution sample
(31 publications, see Table 4). Most of them have several differ-
ent determinations that agree very well with each other. In Fig. 9,
we plot the mean cluster metallicities from each publication as a
function of reference [Fe/H] (between −0.25 and +0.15 dex), as
given in Table 9. Two clusters at the two metallicity extremes lie
outside of this range (NGC 2243 and NGC 6791).
The metallicities based on indices by Friel et al. (2002)
are lower by up to 0.5 dex than the medium- and high-
resolution metallicities (the differences increase with metal-
licity). This discrepancy has previously been noted for
individual stars in representative clusters in Sects. 3.2
to 3.4, and by Pancino et al. (2010) for 28 OCs in the
Friel et al. (2002) sample, which also have R >15000 determina-
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tions (see also Friel et al. 2010, Sect. 6.1.3). A systematic differ-
ence of about 0.2 dex is also seen between the Friel et al. (2002)
OC metallicities and metallicities compiled for Cepheids at sim-
ilar Galactocentric distances (see Fig. 4 in Pedicelli et al. 2009).
On the other hand, for NGC 6705 at [Fe/H]=0.06 dex, both
the Thogersen et al. (1993) and Marshall et al. (2005) indices re-
sult in higher metallicities than at high resolution, while for
NGC 1245 (0.02 dex), NGC 2682 (0.03 dex), and NGC 6791
(0.42 dex), the determinations by Marshall et al. (2005) or
Worthey & Jowett (2003) are about 0.1 dex lower than at high
resolution.
The medium-resolution results agree in general very well
with the high-resolution ones, except for IC 4756, NGC 188,
NGC 2158, NGC 2420, and NGC 6705. For IC 4756 at
0.018 dex the work of Jacobson et al. (2007) gives a 0.15 dex
lower metallicity value than the other medium-resolution publi-
cation and the three high-resolution publications. For NGC 188,
NGC 2158, and NGC 2420 the medium-resolution values by
Jacobson et al. (2011b) are 0.1 to 0.2 dex lower than the high-
resolution determinations. For NGC 6705 at 0.06 dex, the
medium-resolution value by Gonzalez & Wallerstein (2000) is
0.15 dex higher than two of the high-resolution values, while
the high-resolution value of Santos et al. (2012) is lower than the
other two by a similar amount, and all mean [Fe/H] values agree
within the standard deviations.
NGC 2112 (reference [Fe/H]=0.14 dex) has two discrepant
high-resolution determinations. This old anticentre OC is use-
ful for determining the radial metallicity gradient of the Galac-
tic disk. Brown et al. (1996) found it to be mildly deficient,
[Fe/H]=−0.16 ± 0.25 dex (only one star was observed at
high resolution), while Carraro et al. (2008) found it to be
slightly supersolar, [Fe/H]=+0.14 dex, close to the Hyades
value. Brown et al. (1996) observed a cool red giant, while
Carraro et al. (2008) observed one dwarf, one clump giant, and
one F giant with a small dispersion of 0.03 dex.
NGC 6633 (reference [Fe/H]=0.026 dex) has four
discrepant high-resolution determinations. The clos-
est [Fe/H] values, +0.03 dex for six measurements of
three stars, and +0.11 dex for one star, are obtained by
Santos et al. (2009) and Smiljanic et al. (2009), respec-
tively. Valenti & Fischer (2005) observed the same star as
Smiljanic et al. (2009), NGC 6633 100 = HD 170174, which
is also in common with Santos et al. (2009), but derived the
significantly higher value of +0.35 dex. The temperature
adopted by Valenti & Fischer (2005) is substantially hotter
(Teff=5245 K, while Smiljanic et al. 2009 adopted Teff=5015 K,
and Santos et al. 2009 Teff=4980 K). We conclude that the dif-
ferent temperature scale employed by Valenti & Fischer (2005)
is the cause for the discrepant metallicity determination. There-
fore, we discarded this determination when we calculated the
final mean cluster metallicity (Sect. 4). The fourth metallicity
determination by Ashwell et al. (2005) is significantly lower
than the others (−0.21 dex) and is based on two F dwarfs.
The most metal-poor one (JEF 1), with [Fe/H]=−0.31 dex
is a moderate rotator with vsini=19 km s−1 and a high Teff=
6870 K, while the cooler F dwarf (HJT 1251 = JEF 16) has a
value of [Fe/H]=−0.15 dex, which agrees better with the other
determinations.
In summary, at resolutions higher than ∼10000, cluster
metallicities may have small or large dispersions regardless of
the resolution value. Other factors such as analysis method, tem-
perature scale, or properties of the sample stars seem to play a
larger role for the reliability of the metallicity than spectral res-
olution.
Finally, we assessed the impact of S/N by comparing mean
cluster metallicities determined by different authors from spec-
tra with high (> 50) or low S/N, all of them with high resolu-
tion. For six clusters we found metallicity determinations from
both high-S/N spectra (21 publications) and low-S/N spectra (8
publications). The clusters, metallicities, and references for low-
S/N determinations are given in Table 10. Metallicities and ref-
erences for high-S/N determinations can be found in Table 4. For
NGC 6475, the low-S/N determination results in a higher metal-
licity than the high-S/N determination, although the values agree
within two standard deviations. For NGC 188, NGC 2243, and
NGC 6791, the one or two low-S/N metallicities are lower than
the one or two high-S/N ones for each cluster, but they agree
within one standard deviation. For Berkeley 29 and NGC 2682,
the one or two low-S/N determinations available for each cluster
lie within the range of the high-S/N mean metallicities. Thus,
spectra with a S/N as low as 20 might be sufficient to deter-
mine reliable cluster metallicities. However, the limited number
of cases for comparison does not enable us to draw a firm con-
clusion.
4. Final high-resolution sample
To construct the final list of reference spectroscopic cluster
metallicities, we retained the restrictions in spectral resolution
and S/N, even thoug lower-quality spectra may also provide reli-
able results. For the high-quality sample we compiled the metal-
licity values for individual stars from the complete literature,
while the lower-quality sample compiled by us is incomplete and
comprises only average cluster metallicities.
Following the considerations in Sect. 3, we decided to re-
strict the temperature and gravity range of the determinations
used to compute the average metallicity of each OC. We adopted
the Teff range 4400–6500 K with log g ≥ 2.0 to eliminate any
rapidly rotating hot dwarfs or stars with chemical peculiarities,
and bright giants possibly affected by non-LTE effects. When
two or more determinations were available for the same star,
with parameters on both sides of the limiting value, the star
was included, but only determinations that met the constraints
were included in the average metallicity (four dwarfs and ten gi-
ants in 12 clusters). For dwarfs, the lower Teff limit eliminates
three stars, without any critical consequence on the correspond-
ing OCs (the metallicity of these cool dwarfs is very uncertain
anyway). The Teff restriction is important to keep in mind for
future metallicity calibrations, that is, the colour interval where
they are valid. The Teff restriction removed several clusters from
the sample, namely Collinder 121 and NGC 2141 (see Sect. 3.6),
as well as Pfleiderer 4, Trumpler 2, Trumpler 20, NGC 1883,
NGC 2158, and the old OC NGC 2243. The latter is suppos-
edly one of the most metal-deficient OCs according to the value
of [Fe/H]=−0.48 dex determined by Gratton & Contarini (1994)
for two bright giants.
Our final list includes 458 stars in 78 OCs, with 641 metal-
licity determinations corresponding to 86 papers. The measure-
ments that are included in the final high-resolution sample are
identified in Table 1. We computed the average metallicity from
all determinations for each cluster, weighted by the inverse
square of the individual errors quoted by the authors. For a sig-
nificant number of determinations the authors did not quote any
uncertainties. In these cases, we assumed an error of 0.1 dex.
This approach might seem problematic because authors did
not compute the errors in the same way – some quoted only in-
ternal errors while others took some external sources of uncer-
tainty into account. Therefore we tested several additional ap-
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Table 10. Metallicities and references for low-S/N studies for clusters discussed in Sect. 3.7, last paragraph.
Cluster ID mean [Fe/H] std. dev. resolution S/N # star type reference
Berkeley 29 −0.32 0.03 45000 25–50 5 giant Sestito et al. (2008)
NGC 188 −0.12 0.16 ≈30000 ≈45 7 dwarf+subgiant Hobbs et al. (1990)
NGC 188 0.01 0.08 35000–57000 20–35 5 dwarf Randich et al. (2003)
NGC 2243 −0.54 0.10 19300/28800† 30–40 76 dwarf+giant François et al. (2013)
NGC 2682 (M67) −0.04 0.01 ≈30000 30–45 2 dwarf Hobbs & Thorburn (1991)
NGC 2682 (M67) 0.04 0.01 28400 30–45 2 dwarf Friel & Boesgaard (1992)
NGC 6475 0.11 0.03 40000 20–30 10 dwarf James & Jeffries (1997)
NGC 6791 0.30 0.08 45000 40 2 turn-off Boesgaard et al. (2009)
(†) Higher R between 638 and 663 nm, lower R between 660 and 696 nm.
proaches to compute the average metallicity: a) setting the lower
limit of the errors used for weighting to 0.1 dex (that is, the
typical uncertainty due to the uncertainties in stellar parame-
ters, see Sect. 3.1), and b) using equal weights for all metallicity
values. The average metallicity values do not change by more
than 0.03 dex for both approaches (a and b) for most clusters.
They change by less than 0.1 dex for five and eight clusters (ap-
proaches a and b, respectively), with no systematic trend with
metallicity. The standard deviations become larger (by more than
0.02 dex) for three clusters, and smaller for one cluster.
We tested another approach for computing the average clus-
ter metallicity – a two-step mean, where we first calculated the
mean metallicity for each star (we recall that a significant num-
ber of stars have been analysed by several authors), and then the
mean for each cluster. Using this approach, only six clusters de-
viate from the nominal approach (by 0.02 dex), which shows that
a straight one-step average is justified.
The resulting mean metallicities (one-step average with
weights using the original errors) are plotted in Fig. 10 and
listed in Table 11. The figure can be directly compared with
Fig. 1. For several clusters the standard deviations shown in
Fig. 10 are smaller than the dispersion between different deter-
minations for one and the same cluster seen in Fig. 1. This is
most evident for no. 22 – Melotte 25 (the Hyades), and no. 74
– NGC 6633. For the Hyades, the largest number of metallicity
determinations are available (129 in Table 4). After discarding
30% probably unreliable determinations, we are still left with
a significant number (92 in Table 11), resulting in good statis-
tics. The case of NGC 6633 is discussed in Sect. 3.7. Other clus-
ters with improved dispersions are no. 6 – Berkeley 29, no. 12 –
Collinder 261, no. 16 – IC 4651, no. 58 – NGC 2632, no. 60 –
NGC 2682 (M67), no. 63 – NGC 3680, and no. 80 – NGC 752. In
Fig. 11 we compare the average metallicities for the final sam-
ple with the weighted average metallicities per cluster for the
starting sample, which includes all determinations for all highly
probable members without restrictions on atmospheric parame-
ters. The mean difference (final sample minus all members) is
0.01 ± 0.04 dex, with minimum and maximum differences of
−0.10 and +0.18 dex, respectively. This shows that the metal-
licities do not change significantly by restricting the Teff and
log g ranges, except for a few clusters with large standard devia-
tions. The cluster changing by the largest amount (+0.18 dex) is
Melotte 20 (α Per cluster), discussed in Sect. 3.6.
At the metal-rich end of the metallicity distribution
of the final sample, we find three OCs with extreme val-
ues: NGC 6253 ([Fe/H]≈ +0.3 dex; Carretta et al. 2007;
Sestito et al. 2007; Montalto et al. 2012), NGC 6583
([Fe/H]≈ +0.4 dex; Magrini et al. 2010), and NGC 6791
([Fe/H]≈ +0.4 dex; Gratton et al. 2006; Geisler et al.
2012). At the metal-poor end, there are eight OCs with
metallicities of about −0.3 dex and below: Berkeley 18,
Berkeley 20, Berkeley 29, Berkeley 32, Melotte 66,
Melotte 71, NGC 2266, and Saurer 1. The metallicities of
three of these clusters rely on a substantial number of stars:
11 stars in Berkeley 32, leading to [Fe/H]=−0.30 ±0.06
(Sestito et al. 2006; Carrera & Pancino 2011; Yong et al. 2012;
Jacobson & Friel 2013), six stars in Melotte 66, leading
to [Fe/H]=−0.32 ±0.03 (Sestito et al. 2008), and four
stars in Berkeley 29, leading to [Fe/H]=−0.36 ±0.07
(Carraro et al. 2004; Sestito et al. 2008). On the contrary,
the metallicity of Melotte 71 ([Fe/H]=−0.27) is based on only
one very faint star, PJ 127, V ' 17, which has Teff=4610 K,
log g=2.16, and an uncertainty on the metallicity of 0.24
(Brown et al. 1996). NGC 2266 is the cluster with the lowest
metallicity, [Fe/H]=−0.44, which is also based on only one star,
although a brighter one (V ' 11) and with a lower uncertainty
on the metallicity of 0.05 (Reddy et al. 2013). It is worth
mentioning that the authors argued that this cluster may be
part of the thick disk, based on its space motions. The low
metallicity of Berkeley 18 is also based on one faint star, but
two measurements (star K 1163 with V ' 16, see Sect. 3.4). The
remaining two of the most-metal-poor clusters (Berkeley 20 and
Saurer 1) have metallicities relying on two stars. We have eleven
more OCs in the final sample with metallicities relying on only
one star, most of them with subsolar metallicities.
For the three clusters with the largest number of determina-
tions (> 30), we can separate the stars into giants (log g≤ 3.0)
and dwarfs (cf. Sect. 3.2 for M67). The weighted mean metal-
licities for the separated samples and the number of determina-
tions are listed in Table 12. The determinations for the Hyades
(Melotte 25) are mainly for dwarfs. For M67 (NGC 2682) and
IC 4651, the determination numbers are more similar for giants
and dwarfs. We found no indication for a metallicity difference
between the dwarfs and giants for any of these clusters.
We compare in Fig. 12 the mean metallicities determined
from high-resolution spectroscopy and that obtained from pho-
tometry (Paper I). There are 62 clusters in common, and the
mean difference between photometric and spectroscopic values
is −0.10 dex with a median of −0.08 and a standard deviation
of 0.23. The two most extreme cases are NGC 2112 and Berke-
ley 21, with differences of −1.44 and −0.78 dex, respectively.
These are also two of the most metal-poor clusters in the photo-
metric sample ([Fe/H]phot = −1.30 and −0.96 dex, respectively).
There are no other clusters with photometric metallicities below
−0.5 dex in the common sample. We conclude that the photomet-
ric metallicity scale is more metal-poor than the spectroscopic
one.
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Fig. 10. Weighted average metallicity of OCs as listed in Table 11. The error bars represent the standard deviation of the mean.
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Fig. 11. Weighted average metallicity of OCs as listed in Table 11 ver-
sus weighted average metallicity of OCs, including all member stars
from all publications in Table 4. The error bars represent the standard
deviation of the mean. Clusters to the left of the green vertical line do
not appear in the final sample.
Combining our two samples of clusters with photometric
and spectroscopic metallicities would result in a total number
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Fig. 12. Comparison of mean metallicities listed in Table 11 and those
obtained from photometry in Paper I for 62 OCs in common (two clus-
ters lie outside the axis ranges – no. 35, NGC 2112, and no. 4, Berke-
ley 21).
of 204 clusters with known metallicity. However, the differences
in metallicity found for the two samples and the large intrinsic
dispersion of the photometric determinations requires a calibra-
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Table 11. Weighted average metallicity, and standard deviation, of OCs after restricting the Teff and log g ranges, with same running number for
OCs as in Table 4. See also Fig. 10.
OC no. Name Mean [Fe/H] # n OC no. Name Mean [Fe/H] # n
1 Berkeley17 −0.06 ± 0.08 2 1 45 NGC2335 −0.18 1 1
2 Berkeley18 −0.39 ± 0.11 2 1 46 NGC2355 −0.05 ± 0.08 3 3
3 Berkeley20 −0.32 ± 0.12 2 2 47 NGC2360 −0.03 ± 0.06 16 9
4 Berkeley21 −0.18 1 1 48 NGC2420 −0.05 ± 0.02 3 3
5 Berkeley22 −0.24 1 1 49 NGC2423 +0.08 ± 0.05 6 3
6 Berkeley29 −0.36 ± 0.07 5 4 50 NGC2447 −0.03 ± 0.05 18 3
7 Berkeley32 −0.30 ± 0.06 15 11 51 NGC2477 +0.07 ± 0.03 4 4
8 Berkeley39 −0.23 ± 0.05 9 7 52 NGC2482 −0.07 1 1
9 Blanco1 +0.03 ± 0.07 6 6 53 NGC2506 −0.23 ± 0.05 7 5
10 Collinder110 +0.03 ± 0.02 3 3 54 NGC2516 +0.05 ± 0.11 2 2
12 Collinder261 +0.00 ± 0.04 14 13 55 NGC2527 −0.10 ± 0.04 2 2
13 IC2391 −0.01 ± 0.03 14 12 56 NGC2539 −0.02 ± 0.08 8 4
14 IC2602 −0.02 ± 0.02 10 7 57 NGC2567 −0.04 ± 0.08 6 3
15 IC2714 +0.02 ± 0.06 7 4 58 NGC2632 +0.20 ± 0.09 14 14
16 IC4651 +0.12 ± 0.04 35 18 59 NGC2660 +0.04 ± 0.03 4 4
17 IC4665 −0.03 ± 0.04 18 18 60 NGC2682 +0.00 ± 0.06 52 27
18 IC4756 +0.02 ± 0.04 22 15 61 NGC3114 +0.05 ± 0.06 3 2
19 Melotte111 +0.00 ± 0.08 13 10 62 NGC3532 +0.00 ± 0.07 10 4
20 Melotte20 +0.14 ± 0.11 2 2 63 NGC3680 −0.01 ± 0.06 19 10
21 Melotte22 −0.01 ± 0.05 12 10 64 NGC3960 −0.04 ± 0.10 5 5
22 Melotte25 +0.13 ± 0.06 92 61 65 NGC4349 −0.07 ± 0.06 3 2
23 Melotte66 −0.32 ± 0.03 6 6 66 NGC5822 +0.08 ± 0.08 10 7
24 Melotte71 −0.27 1 1 67 NGC6134 +0.11 ± 0.07 8 8
25 NGC1039 +0.02 ± 0.06 7 7 68 NGC6192 +0.12 ± 0.07 3 3
26 NGC1193 −0.22 ± 0.01 2 1 69 NGC6253 +0.34 ± 0.11 12 10
27 NGC1245 +0.02 ± 0.03 3 3 70 NGC6281 +0.06 ± 0.06 2 2
28 NGC1545 −0.06 1 1 71 NGC6475 +0.02 ± 0.02 3 3
29 NGC1817 −0.11 ± 0.03 7 4 72 NGC6494 −0.04 ± 0.08 6 3
30 NGC188 +0.11 ± 0.04 8 4 73 NGC6583 +0.37 ± 0.04 2 2
32 NGC1901 −0.08 1 1 74 NGC6633 −0.08 ± 0.12 8 4
33 NGC1977 −0.06 ± 0.19 2 2 75 NGC6705 +0.12 ± 0.13 10 7
34 NGC2099 +0.02 ± 0.05 3 3 76 NGC6791 +0.42 ± 0.05 8 8
35 NGC2112 +0.14 ± 0.05 3 3 77 NGC6819 +0.09 ± 0.01 3 3
38 NGC2194 −0.09 ± 0.00 2 2 78 NGC6939 +0.13 1 1
40 NGC2251 −0.09 1 1 79 NGC7142 +0.11 ± 0.04 7 4
41 NGC2264 −0.13 1 1 80 NGC752 −0.02 ± 0.04 19 18
42 NGC2266 −0.44 1 1 81 NGC7789 +0.01 ± 0.04 6 5
43 NGC2287 −0.11 ± 0.01 3 2 83 Ruprecht147 +0.16 ± 0.08 5 5
44 NGC2324 −0.22 ± 0.07 2 2 84 Saurer1 −0.38 ± 0.00 2 2
Notes. The column headed “#” gives the number of metallicity determinations, and the column headed “n” the number of individual member stars.
tion of the photometric sample to the spectroscopic metallicity
scale. This process and the discussion of the full sample will be
presented in a forthcoming article.
5. Discussion
5.1. Comparison with other metallicity studies
Netopil & Paunzen (2013) determined metallicities of 58 OCs
from photometry, using an isochrone-fitting method developed
by Pöhnl & Paunzen (2010). In Fig. 13 we compare the mean
metallicities of the final high-resolution sample (Table 11) with
the metallicities of Netopil & Paunzen (2013). We have 23 clus-
ters in common with their sample, all of which have metallici-
ties between −0.1 and +0.2 dex. The mean difference between
the photometric and spectroscopic values is −0.02 ± 0.05 dex,
with a maximum absolute difference of 0.09 dex. We confirm the
Table 12. Weighted mean metallicities and standard deviations for giant
(log g≤ 3.0) and dwarf samples in three clusters.
Name Mean [Fe/H] #
Melotte 25 giants 0.12 ± 0.04 16
Melotte 25 dwarfs 0.13 ± 0.06 76
NGC 2682 giants −0.05 ± 0.05 23
NGC 2682 dwarfs 0.01 ± 0.06 29
IC 4651 giants 0.12 ± 0.05 15
IC 4651 dwarfs 0.12 ± 0.04 20
conclusion of Netopil & Paunzen (2013) that their tool is useful
for estimating OC metallicities from photometry.
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Fig. 14. Distribution of metallicities for the final spectroscopic sample
(red line), the photometric sample (Paper I, blue line), and the sample
of Chen et al. (2009, grey full histogram).
A recent compilation of data, including metallicities, for
a large number of OCs is the catalogue of Chen et al. (2003).
A preliminary update is presented in Chen et al. (2009), which
contains 144 clusters with metallicity, distance, and age val-
ues. However, the metallicities are a mixture of photometric and
spectroscopic determinations. Fig. 14 shows the histogram of
cluster metallicities from Chen et al. (2009) together with those
of our spectroscopic and photometric samples. The figure in-
dicates that the peak at solar metallicity in the histogram of
Chen et al. (2009) may be dominated by spectroscopic metal-
licities, while the metal-poor tail is mainly due to photometric
metallicities.
In Fig. 15 we compare the mean metallicities of
our final high-resolution sample with those compiled by
Magrini et al. (2010, see Sect. 1). The mean difference for all
clusters in common is 0.02 dex (median 0.00 dex), with a stan-
dard deviation of 0.05 dex. However, the dispersion varies with
RGC, and the lowest and highest values of the deviations are
−0.10 and +0.16 dex, respectively. The scatter seen in this figure
should be added to Fig. 9 of Magrini et al. (2010), representing
the uncertainty originating from the way of combining cluster
abundances from different authors. For example, the scatter is
0.06 dex for 7.5 . RGC . 9.5 kpc, adding to the uncertainty of
the inner disk gradient determined by Magrini et al. (2010).
We have 64 clusters in common with the sample of
Carrera & Pancino (2011, see Sect. 1). We do not show a de-
tailed comparison of metallicities, since their sample is very sim-
ilar to ours, and we included all of their references that meet our
constraints. The differences are that their metallicities are based
on published cluster means, not on individual stars, and that they
set a lower limit on R (15000) than we do, and no limit on S/N
(spectra with S/N as low as 5 are included).
Ultimately, the OC metallicities should be combined with
other tracers of metallicity in the Galaxy, such as HII regions,
B-type stars, planetary nebulae, and Cepheids. However, such
combined samples will have to deal with differences in metal-
licity scale, not only for the same type of objects due to differ-
ent methods, but also between different types of objects. A large
sample of Cepheids has been used by Pedicelli et al. (2009) to
study the metallicity gradient of the Galactic disk. They com-
pared the metallicities of their sample as a function of Galacto-
centric distance with several samples of OCs. They found sig-
nificant differences in derived metallicity gradients, which were
partly attributed to different Galactocentric distributions of these
tracers.
It is worth noting that Pedicelli et al. (2009) combined spec-
troscopic metallicities for over 200 Cepheids with photometric
ones for about 60. The mean difference between photometric and
spectroscopic metallicities (−0.03 dex) and the intrinsic disper-
sion (0.15 dex) are smaller than for our two samples. This could
partly be due to the more homogeneous photometric metallicities
determined by Pedicelli et al. (2009) from one set of photomet-
ric bands (Walraven and K-band) and a metallicity calibration
based on recent stellar evolution models. However, a systematic
difference between two of their sources for spectroscopic metal-
licities is apparent in their Fig. 3.
5.2. Application to Galactic structure
In this section we use our final sample of OCs with spectroscopic
metallicities for a preliminary investigation of the distribution of
metals in the Galactic disk.
In Fig. 16 we show the spatial distribution of OCs projected
onto the Galactic plane. Together with our final spectroscopic
sample, we also include the photometric sample from Paper I
and all clusters in the Dias et al. (2002, Version 3.2) catalogue.
The metallicity of each cluster in the first two samples is in-
dicated by the colour of the symbol. We recall that the photo-
metric and spectroscopic metallicities are not yet on the same
scale. Even though a combined sample would trace the metallic-
ity throughout the disk better than the spectroscopic one alone,
gaps are evident, which should be filled by targeted observations
of known clusters. We did not attempt to derive a more detailed
metallicity distribution for the spectroscopic sample in the im-
mediate solar neighbourhood (±2 kpc), as we did in Fig. 4 of
Paper I. The number of clusters in that area is simply too small
(55 compared with 128 in Paper I). However, we speculate that
the distribution based on a combined calibrated sample will be
more smooth than that based on the photometric sample alone.
In particular, the most distinct feature of Fig. 4 in Paper I, a dip
in metallicity at X = −8.4 and Y = −0.4 kpc, will disappear. It
is caused by the cluster NGC 2112, which has a spectroscopic
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Fig. 16. Distributions of the OCs from Paper I (diamonds), the OCs in
the spectroscopic sample (coloured circles), and the OCs in the Dias
et al. (2002, version 3.2) catalogue (grey circles) projected onto the
Galactic plane, in a linear coordinate system where X increases from
the Sun towards the Galactic centre, and Y increases in the direction
of Galactic rotation at the location of the Sun. The Galactic centre is
located at (X,Y) = (0,0). Metallicity is represented by the colour scale
shown in the bar to the right. Solid lines indicate distances from the
Galactic centre of 6, 8, and 10 kpc. Three clusters in the spectroscopic
sample and one in the photometric sample lie outside the shown X
range.
metallicity of +0.14 ± 0.08 dex, based on three stars in two pub-
lications, while its photometric metallicity of −1.3 ± 0.2 dex is
based on Strömgren colours of four stars in one publication.
Figure 17 shows the cluster metallicity from Table 11 as a
function of Galactocentric distance RGC compared with the pre-
dictions of several models for Galactic chemical evolution. The
Galactocentric distances were computed from the coordinates
of the clusters and their distance from the Sun as given in the
catalogue of Dias et al. (2002, version 3.2). The distance of the
Sun from the Galactic centre is assumed to be RGC,=8 kpc.
The error bars for RGC correspond to a variation of the clus-
ter distances by ±20%. Most clusters are located in the range
6 . RGC, . 10 kpc. The clusters within this range are also
mostly located close to the Sun in the Galactic plane, as can be
seen in Fig. 16, guided by the solid lines.
The metallicity distributions predicted by the following mod-
els are shown in Fig. 17:
– The simple model with instantaneous recycling described,
for example, in Pagel (2009, eq. 8.7), green long-dashed
line. This model allows one to derive an analytic expression
for the average abundance of Fe in a stellar population:
〈z(Fe)〉 = 1 + µ ln(µ)
1 − µ ,
where the gas fraction µ = g/(s+g), where g is the density of
gas in the system, and s is the density of matter in the form
of stars. The dependence of the gas fraction and, in turn, of
the metallicity on RGC is obtained by assuming the following
relations for the gas and stellar surface densities in M pc−2
as a function of Galactocentric distance in kpc:
g = 15.0e
−RGC
9.9
(fit to data shown in Fig. 1 of Dame 1993, for RGC >
4.5 kpc), and
s = 198e
−RGC
4.0 .
The latter was normalized to give a gas fraction of 0.2 at the
distance of the Sun (see Pagel 2009, Table 7.9).
– The extreme inflow model, with a metallicity dependence de-
rived by Larson (1972) as:
〈z(Fe)〉 = 1 + 1
s/g(e−s/g − 1)
(see Pagel 2009, eq. 8.28), blue short-dashed line.
– The model by Chiappini et al. (1997) – gradient of iron at
12 Gyr from their Table 4, but using RGC,=8 kpc, grey dash-
dotted line.
– The model by Naab & Ostriker (2006) – present-day metal-
licities of stars from their Fig. 11, red solid line.
– The model by Schönrich & Binney (2009) – mean metallici-
ties of stars at the present time from their Fig. 11, black solid
line.
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Even though the first two analytical models can be regarded
as two opposite extreme cases, their predicted radial dependence
of metallicity is quite similar. It does not agree with the observed
metallicity dependence, in particular at distances between about
10 and 15 kpc.
The main feature of the two-infall model by
Chiappini et al. (1997) is that the thick and thin disks form by
accretion of extragalactic material on very different timescales
(1 Gyr and 8 Gyr, respectively). The model predictions agree
well with several observed properties of the Galaxy, such as the
stellar metallicity distribution and the fraction of metal-poor
stars in the solar neighbourhood. However, the metallicity
gradient predicted by the model is much shallower than that
suggested by the OC metallicities (Fig. 17).
In the model of Naab & Ostriker (2006), the evolution of the
gas infall rate is prescribed based on spherical infall theory and
the current observed distribution of the total disk surface mass.
For other ingredients (star formation, IMF, chemical evolution),
the model uses standard prescriptions. Among the models dis-
cussed here, the radial dependence of metallicity predicted by
this model agrees best with the OC metallicities, except that
its metallicity is somewhat low at the solar radius. However,
Naab & Ostriker (2006) mentioned that their model predicts a
significantly steeper metallicity gradient for past times. Includ-
ing information on the cluster ages might improve the agree-
ment. Also, changing the IMF in the model from Salpeter (1955)
to Chabrier (2003) leads to a steeper gradient.
The model of Schönrich & Binney (2009) introduces both
radial gas flows and radial migration of stars, beyond the stan-
dard ingredients of chemical evolution models. This model pre-
dicts star counts as a function of various stellar parameters in
agreement with observations, and it reproduces correlations be-
tween tangential velocity and abundance patterns. It also pro-
duces a thick disk alongside the thin disk within the Galaxy. Re-
garding the predicted metallicity as a function of RGC, the model
curve does not coincide with any of the observed OC metallici-
ties. To bring the model and observations into agreement would
require a shift in metallicity of at least 0.3 dex. However, the
model gradient is very similar to the observed one around the
solar radius (7 . RGC . 12 kpc). The steep gradient is mainly
caused by the radial gas flow, as Schönrich & Binney (2009)
showed by varying the model parameters. Their model also pre-
dicts distributions over metallicity of stars at fixed RGC with a
full-width at half maximum (FWHM) around 0.35 dex. This
value agrees exactly with the FWHM of the metallicity distri-
bution of the 26 clusters in our sample with 7 . RGC . 9 kpc.
Although the list of discussed models is not exhaustive, we
can conclude that none of the current models for Galactic chem-
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ical evolution succeeds in predicting the metallicity gradient ob-
served for the Galactic disk based on OCs. However, the sig-
nificance of the comparison is limited by the inhomogeneous
distribution of clusters over distance and the fact that the sam-
ple contains clusters of different ages. Moreover, we did not take
into account possible radial migrations of the clusters. We post-
pone a more detailed comparison to a forthcoming paper, where
we will combine the photometric and spectroscopic metallicity
determinations in a proper way.
6. Summary and conclusions
For this article, metallicities of individual stars in OCs result-
ing from spectroscopy at high resolution (R>25000) and high
signal-to-noise ratio (S/N>50) were exhaustively gathered from
the recent literature (publication year 1990 and later). Only the
most probable members in 86 OCs were considered for further
analysis. Some discrepancies in metallicities of individual stars
and cluster means were found for a fraction of OCs studied by
several authors. The sources of these differences were analysed
in relation to the quoted errors, and various aspects of the spec-
troscopic analyses with an impact on metallicity were discussed.
Comparisons were also made with metallicities based on
lower resolution spectra and spectral indices, and on lower S/N
observations. We found that low-resolution estimates are in gen-
eral more metal poor than higher-resolution determinations. At
medium and high resolution (R≥13000) and S/N>20, the tem-
perature scale, the line list, the methodology, and the choice of
the microturbulence parameter, seem to play a larger role for the
reliability of the metallicities than the resolution and S/N. How-
ever, the largest contribution to the observed dispersion comes
from the properties of the stars. Chemically peculiar stars and
binaries must obviously be removed when averaging the metal-
licity determinations in an OC, but also bright giants that are
possibly affected by non-LTE, and hot dwarfs that are possibly
affected by rapid rotation.
These considerations led us to build a clean sample of metal-
licity determinations of individual stars in a restricted tempera-
ture and gravity range, after rejecting some studies that appeared
to be affected by systematic uncertainties. The numbers of dif-
ferent stars and metallicity determinations were reduced by 25%
and nearly 30%, respectively, between the starting and the final
sample. The final sample includes 458 stars with 641 metallic-
ity determinations in 86 papers, which were used to compute the
weighted average metallicity of 78 OCs. We found no difference
in mean metallicities deduced from dwarfs and giants, based on
three OCs with a significant number of determinations for both
groups.
Photometric metallicities compiled in Paper I were found
to be systematically more metal-poor by 0.11 dex than the
spectroscopic ones presented here, with a standard deviation
of 0.23 dex. However, recent photometric determinations by
Netopil & Paunzen (2013) agree much better. The compilation
of spectroscopic metallicities by Magrini et al. (2010), which
consists of the cluster metallicity from one selected publication
per cluster, agrees on average with our spectroscopic metallici-
ties for the clusters in common. However, metallicities for indi-
vidual clusters deviate by up to 0.16 dex.
We used our final sample to test four models that predict
the radial metallicity gradient in the Galaxy. None of them was
found to fully agree with the OC metallicities versus Galacto-
centric distance. The model by Schönrich & Binney (2009) has
a similar slope, but shows a metallicity shift of 0.3 dex. The
metallicity dispersion at the solar radius predicted by this model
is similar to the one measured for our sample. This comparison
shows that existing models of Galactic chemical evolution can-
not reproduce the currently available sample of cluster metallic-
ities even within the rather large observational uncertainties, and
calls for further developments on the theoretical side.
This work demonstrates, however, that it is crucial to en-
large the number of OCs with accurate metallicities from spec-
troscopic studies. Metallicity determinations are needed in par-
ticular at small and large Galactocentric distances, and in several
regions of the Galactic disk that are poorly sampled. To obtain
reliable cluster metallicities will require an increase in the num-
ber of individual stars studied in each cluster, a careful selection
of the stars, and a homogeneous analysis of the spectra. This
is one of the main aims of the Gaia-ESO Public Spectroscopic
Survey, which will dramatically improve the situation of spec-
troscopic metallicities of OCs, with 100 clusters to be observed
in the next four years.
Studies of Galactic structure should take advantage of the
large number of existing photometric metallicities for OCs (Pa-
per I). In combination with the current spectroscopic sample, a
sample of more than 200 clusters with known metallicities can
be constructed. A calibration of the photometric sample using
the spectroscopic sample will be required to define a common
metallicity scale with a small intrinsic dispersion. The details of
this calibration and the impact of the combined sample will be
the subject of the next paper of this series.
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Table 1. List of the full starting sample of cluster members described in Sect. 2.1.
S Cluster ID RA (J2000) DEC (J2000) Vmag Bibcode Star ID
1 Berkeley17 05 20 23.875 +30 37 21.91 14.49 2013AJ....145..107J Cl* Berkeley 17 PJM 1035
1 Berkeley17 05 20 23.875 +30 37 21.91 14.49 2005AJ....129.2725F Cl* Berkeley 17 PJM 1035
2 Berkeley17 05 20 47.748 +30 31 40.84 14.91 2005AJ....129.2725F Cl* Berkeley 17 PJM 265
2 Berkeley17 05 20 47.748 +30 31 40.84 14.91 2013AJ....145..107J Cl* Berkeley 17 PJM 265
1 Berkeley17 05 20 36.500 +30 30 35.18 14.09 2013AJ....145..107J Cl* Berkeley 17 PJM 569
1 Berkeley17 05 20 36.500 +30 30 35.18 14.09 2005AJ....129.2725F Cl* Berkeley 17 PJM 569
2 Berkeley18 05 22 13.8 +45 27 58.9 15.79 2012AJ....144...95Y Cl* Berkeley 18 K 1163
2 Berkeley18 05 22 13.8 +45 27 58.9 15.79 2013AJ....145..107J Cl* Berkeley 18 K 1163
1 Berkeley18 05 22 10.7 +45 28 49.4 15.07 2013AJ....145..107J Cl* Berkeley 18 K 1383
1 Berkeley18 05 22 10.7 +45 28 49.4 15.07 2012AJ....144...95Y Cl* Berkeley 18 K 1383
1 Berkeley20 05 32 37.95 +00 11 09.6 15.12 2005AJ....130..597Y Cl* Berkeley 20 FMP 10770
2 Berkeley20 05 32 36.77 +00 11 04.8 16.177 2008A&A...488..943S Cl* Berkeley 20 SBR 1201
1 Berkeley20 05 32 38.8 +00 11 21 15.154 2008A&A...488..943S Cl* Berkeley 20 SBR 1240
2 Berkeley20 05 32 38.8 +00 11 21 15.154 2005AJ....130..597Y Cl* Berkeley 20 SBR 1240
1 Berkeley21 05 51 42.01 +21 48 49.7 15.87 2012AJ....144...95Y Cl* Berkeley 21 TPM 50
2 Berkeley21 05 51 42.01 +21 48 49.7 15.87 2013AJ....145..107J Cl* Berkeley 21 TPM 50
1 Berkeley21 05 51 42.0 +21 48 02.8 15.69 2012AJ....144...95Y Cl* Berkeley 21 TPM 51
1 Berkeley21 05 51 42.0 +21 48 02.8 15.69 2013AJ....145..107J Cl* Berkeley 21 TPM 51
1 Berkeley22 05 58 25.9 +07 46 11.4 15.76 2012AJ....144...95Y Cl* Berkeley 22 K 414
2 Berkeley22 05 58 25.9 +07 46 11.4 15.76 2013AJ....145..107J Cl* Berkeley 22 K 414
1 Berkeley22 05 58 26.9 +07 45 26.1 14.31 2012AJ....144...95Y Cl* Berkeley 22 K 643
1 Berkeley22 05 58 26.9 +07 45 26.1 14.31 2013AJ....145..107J Cl* Berkeley 22 K 643
1 Berkeley29 06 53 07.11 +16 57 12.9 14.480 2008A&A...488..943S Cl* Berkeley 29 BHT 1024
2 Berkeley29 06 53 08.07 +16 55 40.6 16.579 2008A&A...488..943S Cl* Berkeley 29 FMP 948
2 Berkeley29 06 53 08.07 +16 55 40.6 16.579 2004AJ....128.1676C Cl* Berkeley 29 FMP 948
2 Berkeley29 06 53 03.432 +16 55 08.50 16.56 2004AJ....128.1676C Cl* Berkeley 29 K 1032
2 Berkeley29 06 53 01.58 +16 56 21.4 16.639 2008A&A...488..943S Cl* Berkeley 29 K 412
1 Berkeley29 06 53 04.1 +16 55 56 14.377 2005AJ....130..597Y Cl* Berkeley 29 K 673
2 Berkeley29 06 53 04.320 +16 55 39.37 16.609 2008A&A...488..943S Cl* Berkeley 29 K 818
1 Berkeley29 06 53 03.87 +16 55 15.8 14.587 2005AJ....130..597Y Cl* Berkeley 29 K 988
2 Berkeley32 06 58 11.48 +06 21 16.4 13.672 2006A&A...458..121S 2MASS J06581148+0621163
2 Berkeley32 06 57 59.81 +06 27 00.0 14.242 2006A&A...458..121S Cl* Berkeley 32 DBT 121
2 Berkeley32 06 58 04.2 +06 27 17.1 13.37 2011A&A...535A..30C Cl* Berkeley 32 DBT 1393
1 Berkeley32 06 58 03.398 +06 26 49.89 12.2 2013AJ....145..107J Cl* Berkeley 32 DBT 2689
1 Berkeley32 06 58 03.398 +06 26 49.89 12.2 2010AJ....139.1942F Cl* Berkeley 32 DBT 2689
2 Berkeley32 06 58 06.9 +06 25 56.5 13.61 2012AJ....144...95Y Cl* Berkeley 32 DBT 737
2 Berkeley32 06 58 06.9 +06 25 56.5 13.61 2013AJ....145..107J Cl* Berkeley 32 DBT 737
2 Berkeley32 06 58 03.08 +06 26 16.2 13.722 2006A&A...458..121S Cl* Berkeley 32 DBT 787
2 Berkeley32 06 58 13.76 +06 27 55.0 13.713 2006A&A...458..121S Cl* Berkeley 32 DBT 997
2 Berkeley32 06 58 13.76 +06 27 55.0 13.713 2012AJ....144...95Y Cl* Berkeley 32 DBT 997
2 Berkeley32 06 58 13.76 +06 27 55.0 13.713 2013AJ....145..107J Cl* Berkeley 32 DBT 997
1 Berkeley32 06 58 03.157 +06 24 22.08 12.32 2013AJ....145..107J Cl* Berkeley 32 KM 4
1 Berkeley32 06 58 03.157 +06 24 22.08 12.32 2010AJ....139.1942F Cl* Berkeley 32 KM 4
2 Berkeley32 06 58 22.90 +06 26 25.4 13.691 2006A&A...458..121S Cl* Berkeley 32 RS 311
2 Berkeley32 06 57 50.57 +06 26 12.0 13.663 2006A&A...458..121S Cl* Berkeley 32 RS 323
2 Berkeley32 06 58 08.24 +06 24 19.5 13.685 2011A&A...535A..30C Cl* Berkeley 32 SBR 17
2 Berkeley32 06 58 08.24 +06 24 19.5 13.685 2006A&A...458..121S Cl* Berkeley 32 SBR 17
2 Berkeley32 06 58 02.26 +06 24 56.7 14.384 2006A&A...458..121S Cl* Berkeley 32 SBR 27
2 Berkeley32 06 58 07.47 +06 29 32.8 15.306 2006A&A...458..121S Cl* Berkeley 32 SBR 45
2 Berkeley39 07 46 37.15 -04 40 11.39 14.075 2012A&A...548A.122B Cl* Berkeley 39 FMP 21152
2 Berkeley39 07 46 41.25 -04 40 57.13 14.377 2012A&A...548A.122B Cl* Berkeley 39 FMP 21365
2 Berkeley39 07 46 41.44 -04 39 08.28 14.417 2012A&A...548A.122B Cl* Berkeley 39 FMP 21366
2 Berkeley39 07 46 41.44 -04 39 08.28 14.417 2013AJ....145..107J Cl* Berkeley 39 FMP 21366
2 Berkeley39 07 46 50.77 -04 41 28.96 14.166 2012A&A...548A.122B Cl* Berkeley 39 FMP 21912
2 Berkeley39 07 46 54.145 -04 38 58.18 14.34 2013AJ....145..107J Cl* Berkeley 39 KR 12
2 Berkeley39 07 46 54.145 -04 38 58.18 14.34 2010AJ....139.1942F Cl* Berkeley 39 KR 12
2 Berkeley39 07 46 52.49 -04 41 14.61 14.426 2012A&A...548A.122B Cl* Berkeley 39 KR 16
1 Berkeley39 07 46 54.405 -04 41 27.96 13.55 2013AJ....145..107J Cl* Berkeley 39 KR 3
1 Berkeley39 07 46 54.405 -04 41 27.96 13.55 2010AJ....139.1942F Cl* Berkeley 39 KR 3
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Table 1. continued.
S Cluster ID RA (J2000) DEC (J2000) Vmag Bibcode Star ID
1 Berkeley39 07 46 47.600 -04 39 56.28 13.995 2012A&A...548A.122B Cl* Berkeley 39 KUBVI 1657
1 Berkeley39 07 46 47.600 -04 39 56.28 13.995 2013AJ....145..107J Cl* Berkeley 39 KUBVI 1657
1 Berkeley39 07 46 47.600 -04 39 56.28 13.995 2010AJ....139.1942F Cl* Berkeley 39 KUBVI 1657
2 Berkeley39 07 46 39.27 -04 37 54.30 14.199 2012A&A...548A.122B Cl* Berkeley 39 KUBVI 2262
1 Blanco1 00 02 21.6 -30 08 22 10.72 2005MNRAS.364..272F CD-30 19787
1 Blanco1 00 07 34.1988 -30 17 14.019 10.48 1995A&A...293...75E CD-30 6
1 Blanco1 00 01 24.4776 -30 38 58.330 10.60 1995A&A...293...75E CD-31 19554
2 Blanco1 00 03 28.9805 -30 19 27.213 10.57 2005MNRAS.364..272F CD-31 19574
1 Blanco1 00 03 28.9805 -30 19 27.213 10.57 1995A&A...293...75E CD-31 19574
2 Blanco1 00 03 33.6027 -30 28 42.042 10.61 2005MNRAS.364..272F CD-31 19576
1 Blanco1 00 03 33.6027 -30 28 42.042 10.61 1995A&A...293...75E CD-31 19576
2 Blanco1 00 03 33.693 -30 15 43.65 12.50 2005MNRAS.364..272F Cl* Blanco 1 ZS 102
2 Blanco1 00 05 08.24 -30 29 42.3 11.96 2005MNRAS.364..272F Cl* Blanco 1 ZS 141
2 Blanco1 00 06 16.342 -30 05 57.04 11.72 2005MNRAS.364..272F Cl* Blanco 1 ZS 182
2 Blanco1 00 01 46.46 -29 46 38.7 12.15 2005MNRAS.364..272F Cl* Blanco 1 ZS 58
2 Collinder110 06 38 52.4 +02 01 58 13.37 2010A&A...511A..56P Cl* Collinder 110 DI 2108
2 Collinder110 06 38 41.12 +02 01 05.3 13.625 2010A&A...511A..56P Cl* Collinder 110 DI 2129
2 Collinder110 06 38 30.27 +02 03 02.9 13.505 2010A&A...511A..56P Cl* Collinder 110 DI 3144
1 Collinder121 06 54 07.9526 -24 11 03.159 3.851 1998A&A...338..623M V* omi01 CMa
1 Collinder121 06 54 07.9526 -24 11 03.159 3.851 2007A&A...475.1003H V* omi01 CMa
1 Collinder261 12 38 08.499 -68 21 15.01 13.547 2003AJ....126.2372F Cl* Collinder 261 PJM 1045
1 Collinder261 12 38 08.499 -68 21 15.01 13.547 2007AJ....133.1161D Cl* Collinder 261 PJM 1045
2 Collinder261 12 38 08.499 -68 21 15.01 13.547 2005A&A...441..131C Cl* Collinder 261 PJM 1045
1 Collinder261 12 38 07.28 -68 22 31.0 13.952 2003AJ....126.2372F Cl* Collinder 261 PJM 1080
2 Collinder261 12 38 07.28 -68 22 31.0 13.952 2005A&A...441..131C Cl* Collinder 261 PJM 1080
2 Collinder261 12 38 07.28 -68 22 31.0 13.952 2007AJ....133.1161D Cl* Collinder 261 PJM 1080
2 Collinder261 12 37 55.35 -68 24 49.9 13.57 2007AJ....133.1161D Cl* Collinder 261 PJM 1472
2 Collinder261 12 37 55.23 -68 22 36.1 13.95 2007AJ....133.1161D Cl* Collinder 261 PJM 1481
1 Collinder261 12 37 55.42 -68 20 14.7 13.68 2007AJ....133.1161D Cl* Collinder 261 PJM 1485
1 Collinder261 12 37 55.42 -68 20 14.7 13.68 2005A&A...441..131C Cl* Collinder 261 PJM 1485
2 Collinder261 12 37 53.95 -68 21 48.8 14.27 2007AJ....133.1161D Cl* Collinder 261 PJM 1526
2 Collinder261 12 37 45.24 -68 24 01.5 13.61 2007AJ....133.1161D Cl* Collinder 261 PJM 1801
1 Collinder261 12 37 43.46 -68 19 55.5 12.350 2007AJ....133.1161D Cl* Collinder 261 PJM 1871
1 Collinder261 12 37 43.46 -68 19 55.5 12.350 2005A&A...441..131C Cl* Collinder 261 PJM 1871
1 Collinder261 12 37 43.46 -68 19 55.5 12.350 2003AJ....126.2372F Cl* Collinder 261 PJM 1871
2 Collinder261 12 37 38.53 -68 20 26.3 13.932 2007AJ....133.1161D Cl* Collinder 261 PJM 2001
1 Collinder261 12 37 38.53 -68 20 26.3 13.932 2005A&A...441..131C Cl* Collinder 261 PJM 2001
1 Collinder261 12 37 34.828 -68 23 24.99 12.908 2005A&A...441..131C Cl* Collinder 261 PJM 2105
1 Collinder261 12 37 34.828 -68 23 24.99 12.908 2003AJ....126.2372F Cl* Collinder 261 PJM 2105
1 Collinder261 12 38 40.68 -68 23 39.0 13.892 2007AJ....133.1161D Cl* Collinder 261 PJM 27
1 Collinder261 12 38 40.63 -68 23 55.3 14.312 2007AJ....133.1161D Cl* Collinder 261 PJM 29
2 Collinder261 12 37 53.921 -68 21 48.61 14.368 2008A&A...488..943S Cl* Collinder 261 SBR 10
2 Collinder261 12 37 59.72 -68 23 49.9 14.145 2008A&A...488..943S Cl* Collinder 261 SBR 11
1 Collinder261 12 37 34.636 -68 23 25.32 12.937 2008A&A...488..943S Cl* Collinder 261 SBR 2
2 Collinder261 12 38 12.68 -68 21 50.6 14.139 2008A&A...488..943S Cl* Collinder 261 SBR 5
2 Collinder261 12 38 07.229 -68 22 30.82 14.011 2008A&A...488..943S Cl* Collinder 261 SBR 6
2 Collinder261 12 37 55.184 -68 22 35.82 14.013 2008A&A...488..943S Cl* Collinder 261 SBR 7
2 Collinder261 12 38 12.338 -68 20 31.46 14.212 2008A&A...488..943S Cl* Collinder 261 SBR 9
2 IC2391 08 35 01.2 -52 14 01 12.07 2013MNRAS.431.1005D 1RXS J083502.7-521339
2 IC2391 08 38 22.90 -52 56 48.0 10.95 2007A&A...461..509P CD-52 2467
2 IC2391 08 38 22.90 -52 56 48.0 10.95 2013MNRAS.431.1005D CD-52 2467
2 IC2391 08 37 51.569 -53 45 45.93 11.35 2013MNRAS.431.1005D Cl* IC 2391 D 41
2 IC2391 08 40 49.114 -53 37 45.47 11.08 2013MNRAS.431.1005D Cl* IC 2391 D 99
2 IC2391 08 44 10.2 -53 43 34 12.25 2013MNRAS.431.1005D Cl* IC 2391 PMM 1373
2 IC2391 08 36 55.0 -53 08 34 11.51 2013MNRAS.431.1005D Cl* IC 2391 PMM 3359
2 IC2391 08 41 10.98 -52 31 46.7 11.22 2009A&A...501..553D Cl* IC 2391 PMM 6478
2 IC2391 08 40 15.9 -52 56 27 11.84 2001A&A...372..862R Cl* IC 2391 SMY 18
2 IC2391 08 34 18.1 -52 15 58 12.26 2013MNRAS.431.1005D TYC 8162-754-1
2 IC2391 08 44 05.1863 -52 53 17.223 10.85 2009A&A...501..553D V* V376 Vel
2 IC2391 08 44 26.16 -52 42 32.4 11.46 2009A&A...501..553D V* V377 Vel
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Table 1. continued.
S Cluster ID RA (J2000) DEC (J2000) Vmag Bibcode Star ID
2 IC2391 08 44 26.16 -52 42 32.4 11.46 2001A&A...372..862R V* V377 Vel
1 IC2391 08 45 26.93 -52 52 02.1 12.76 2009A&A...501..553D V* V379 Vel
2 IC2391 08 45 26.93 -52 52 02.1 12.76 2013MNRAS.431.1005D V* V379 Vel
2 IC2602 10 28 31.2517 -63 44 15.327 11.2 2009A&A...501..553D TYC 8960-1957-1
2 IC2602 10 33 39.675 -64 46 52.17 11.71 2009A&A...501..553D TYC 8964-606-1
2 IC2602 10 33 41.81 -64 13 45.7 11.75 2009A&A...501..553D V* V542 Car
2 IC2602 10 33 41.81 -64 13 45.7 11.75 2001A&A...372..862R V* V542 Car
2 IC2602 10 42 07.08 -64 46 07.9 11.57 2001A&A...372..862R V* V555 Car
2 IC2602 10 42 07.08 -64 46 07.9 11.57 2009A&A...501..553D V* V555 Car
2 IC2602 10 44 06.81 -63 59 35.1 11.07 2001A&A...372..862R V* V558 Car
2 IC2602 10 44 06.81 -63 59 35.1 11.07 2009A&A...501..553D V* V558 Car
2 IC2602 10 44 22.56 -64 15 30.1 10.92 2009A&A...501..553D V* V559 Car
2 IC2602 10 48 18.38 -64 09 53.2 10.26 2009A&A...501..553D V* V567 Car
2 IC2714 11 17 30.58 -62 42 27.5 11.602 2009A&A...493..309S Cl* IC 2714 MMU 110
2 IC2714 11 17 30.58 -62 42 27.5 11.602 2009A&A...493..309S Cl* IC 2714 MMU 110
2 IC2714 11 18 15.87 -62 42 03.9 11.522 2009A&A...493..309S Cl* IC 2714 MMU 53
2 IC2714 11 18 15.87 -62 42 03.9 11.522 2009A&A...493..309S Cl* IC 2714 MMU 53
2 IC2714 11 17 46.85 -62 36 49.5 11.389 2009A&A...493..309S Cl* IC 2714 MMU 87
2 IC2714 11 17 46.85 -62 36 49.5 11.389 2009A&A...493..309S Cl* IC 2714 MMU 87
2 IC2714 11 17 21.8525 -62 49 46.011 11.040 2009A&A...502..267S TYC 8963-1429-1
2 IC4651 17 24 41.5353 -49 59 06.355 10.4 2009A&A...493..309S CD-49 11401
2 IC4651 17 24 41.5353 -49 59 06.355 10.4 2009A&A...493..309S CD-49 11401
2 IC4651 17 24 41.5353 -49 59 06.355 10.4 2004A&A...424..951P CD-49 11401
2 IC4651 17 24 46.72 -49 54 07.1 10.94 2004A&A...422..951C CD-49 11402
2 IC4651 17 24 46.72 -49 54 07.1 10.94 2004A&A...424..951P CD-49 11402
2 IC4651 17 24 50.1461 -49 56 56.266 10.7 2004A&A...422..951C CD-49 11404
2 IC4651 17 24 50.1461 -49 56 56.266 10.7 2009A&A...493..309S CD-49 11404
2 IC4651 17 24 50.1461 -49 56 56.266 10.7 2009A&A...493..309S CD-49 11404
2 IC4651 17 24 57.76 -50 01 32.8 10.78 2009A&A...493..309S CD-49 11410
2 IC4651 17 24 57.76 -50 01 32.8 10.78 2004A&A...424..951P CD-49 11410
2 IC4651 17 24 57.76 -50 01 32.8 10.78 2009A&A...493..309S CD-49 11410
2 IC4651 17 24 54.137 -49 53 07.52 10.44 2004A&A...422..951C CD-49 11415
1 IC4651 17 25 08.9431 -49 53 57.125 8.94 2004A&A...422..951C CD-49 11417
2 IC4651 17 24 48.10 -49 55 47.3 14.545 2008A&A...489..403P Cl* IC 4651 AMC 1109
2 IC4651 17 24 48.10 -49 55 47.3 14.545 2009A&A...493..309S Cl* IC 4651 AMC 1109
1 IC4651 17 24 36.87 -49 55 54.7 12.937 2004A&A...424..951P Cl* IC 4651 AMC 1228
2 IC4651 17 25 00.25 -49 56 38.1 14.022 2004A&A...424..951P Cl* IC 4651 AMC 2105
2 IC4651 17 25 00.25 -49 56 38.1 14.022 2004A&A...424..951P Cl* IC 4651 AMC 2105
2 IC4651 17 25 00.25 -49 56 38.1 14.022 2004A&A...424..951P Cl* IC 4651 AMC 2105
2 IC4651 17 25 00.04 -49 53 07.9 14.6 2008A&A...489..403P Cl* IC 4651 AMC 2207
2 IC4651 17 25 00.04 -49 53 07.9 14.6 2009A&A...493..309S Cl* IC 4651 AMC 2207
2 IC4651 17 24 31.81 -49 59 08.6 14.96 2009A&A...493..309S Cl* IC 4651 AMC 4220
2 IC4651 17 24 31.81 -49 59 08.6 14.96 2008A&A...489..403P Cl* IC 4651 AMC 4220
2 IC4651 17 24 43.46 -50 01 01.3 14.64 2009A&A...493..309S Cl* IC 4651 AMC 4226
2 IC4651 17 24 43.46 -50 01 01.3 14.64 2008A&A...489..403P Cl* IC 4651 AMC 4226
1 IC4651 17 24 32.42 -49 59 20.7 13.117 2004A&A...424..951P Cl* IC 4651 EGG 14
1 IC4651 17 24 31.97 -49 59 43.2 13.55 2004A&A...424..951P Cl* IC 4651 EGG 15
2 IC4651 17 25 06.23 -49 59 49.9 12.256 2004A&A...424..951P Cl* IC 4651 EGG 19
1 IC4651 17 25 18.32 -49 58 10.2 12.685 2004A&A...424..951P Cl* IC 4651 EGG 25
1 IC4651 17 24 30.89 -50 00 53.7 12.061 2004A&A...424..951P Cl* IC 4651 EGG 3
1 IC4651 17 24 37.55 -49 57 51.5 13.424 2004A&A...424..951P Cl* IC 4651 EGG 34
2 IC4651 17 25 14.23 -49 56 43.7 14.193 2009A&A...493..309S Cl* IC 4651 EGG 45
2 IC4651 17 25 14.23 -49 56 43.7 14.193 2008A&A...489..403P Cl* IC 4651 EGG 45
2 IC4651 17 25 14.23 -49 56 43.7 14.193 2004A&A...424..951P Cl* IC 4651 EGG 45
2 IC4651 17 25 14.23 -49 56 43.7 14.193 2004A&A...424..951P Cl* IC 4651 EGG 45
2 IC4651 17 24 52.59 -49 56 31.4 12.185 2004A&A...424..951P Cl* IC 4651 EGG 56
1 IC4651 17 24 48.26 -49 56 37.1 13.699 2004A&A...424..951P Cl* IC 4651 EGG 64
2 IC4651 17 24 52.57 -50 01 03.5 14.28 2004A&A...424..951P Cl* IC 4651 EGG 7
2 IC4651 17 24 52.57 -50 01 03.5 14.28 2004A&A...424..951P Cl* IC 4651 EGG 7
1 IC4651 17 24 46.09 -49 54 51.0 13.53 2004A&A...424..951P Cl* IC 4651 EGG 79
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1 IC4651 17 25 12.72 -49 54 55.6 13.743 2004A&A...424..951P Cl* IC 4651 EGG 86
2 IC4651 17 25 01.27 -49 53 52.9 11.989 2004A&A...424..951P Cl* IC 4651 EGG 95
1 IC4651 17 24 42.06 -49 53 02.4 12.381 2004A&A...424..951P Cl* IC 4651 EGG 99
2 IC4651 17 25 03.03 -50 04 17.4 11.031 2004A&A...424..951P Cl* IC 4651 MMU 11218
2 IC4651 17 25 23.55 -49 55 47.1 10.94 2004A&A...422..951C Cl* IC 4651 MMU 14527
2 IC4651 17 24 49.49 -49 57 26.8 10.90 2004A&A...424..951P Cl* IC 4651 MMU 9025
2 IC4665 17 44 58.10 +05 51 32.9 13.43 2005ApJ...635..608S 2MASS J17445810+0551329
2 IC4665 17 46 46.57 +05 35 06.8 14.62 2005ApJ...635..608S Cl* IC 4665 MRD 102
2 IC4665 17 45 07.46 +05 50 59.4 14.32 2005ApJ...635..608S Cl* IC 4665 MRD 14
2 IC4665 17 46 34.51 +05 48 53.1 14.54 2005ApJ...635..608S Cl* IC 4665 MRD 84
2 IC4665 17 46 45.14 +05 26 58.2 14.65 2005ApJ...635..608S Cl* IC 4665 MRD 99
2 IC4665 17 46 24.73 +05 17 21.4 12.94 2005ApJ...635..608S Cl* IC 4665 P 107
2 IC4665 17 47 31.04 +05 22 16.6 13.45 2005ApJ...635..608S Cl* IC 4665 P 147
2 IC4665 17 47 35.83 +05 38 55.8 13.57 2005ApJ...635..608S Cl* IC 4665 P 151
2 IC4665 17 48 04.98 +05 48 42.1 13.40 2005ApJ...635..608S Cl* IC 4665 P 165
2 IC4665 17 45 36.92 +05 42 42.4 11.95 2005ApJ...635..608S Cl* IC 4665 P 19
2 IC4665 17 45 00.31 +05 42 45.1 14.59 2005ApJ...635..608S Cl* IC 4665 P 199
2 IC4665 17 45 51.31 +05 25 44.1 14.83 2005ApJ...635..608S Cl* IC 4665 P 267
2 IC4665 17 45 53.08 +05 36 29.3 14.26 2005ApJ...635..608S Cl* IC 4665 P 94
2 IC4665 17 45 19.40 +05 47 40.1 13.65 2005ApJ...635..608S V* V2316 Oph
2 IC4665 17 45 25.08 +05 51 38.8 13.68 2005ApJ...635..608S V* V2318 Oph
2 IC4665 17 46 11.98 +05 41 25.8 14.34 2005ApJ...635..608S V* V2321 Oph
2 IC4665 17 46 26.1 +05 49 42 12.92 2005ApJ...635..608S V* V2322 Oph
2 IC4665 17 47 33.3 +05 31 46 13.08 2005ApJ...635..608S V* V2325 Oph
2 IC4756 18 35 47.4333 +05 20 17.149 9.54 2009A&A...502..267S BD+05 3805
2 IC4756 18 36 33.227 +05 12 42.78 8.97 2009A&A...502..267S BD+05 3818
2 IC4756 18 36 33.227 +05 12 42.78 8.97 2012MNRAS.427..882T BD+05 3818
2 IC4756 18 37 05.217 +05 17 31.60 9.66 2009A&A...502..267S BD+05 3829
2 IC4756 18 37 05.217 +05 17 31.60 9.66 2012MNRAS.427..882T BD+05 3829
2 IC4756 18 37 05.217 +05 17 31.60 9.66 2009A&A...493..309S BD+05 3829
2 IC4756 18 37 05.217 +05 17 31.60 9.66 2009A&A...493..309S BD+05 3829
2 IC4756 18 37 20.7732 +05 53 43.111 9.46 2009A&A...493..309S BD+05 3833
2 IC4756 18 37 20.7732 +05 53 43.111 9.46 2009A&A...493..309S BD+05 3833
2 IC4756 18 37 30.299 +05 12 15.72 9.78 2012MNRAS.427..882T BD+05 3835
2 IC4756 18 37 34.219 +05 28 33.47 9.43 2012MNRAS.427..882T BD+05 3839
2 IC4756 18 37 35.828 +05 15 37.82 8 2012MNRAS.427..882T BD+05 3840
2 IC4756 18 38 05.162 +05 24 33.76 9.23 2012MNRAS.427..882T BD+05 3850
2 IC4756 18 38 17.578 +05 38 17.04 9.48 2012MNRAS.427..882T BD+05 3857
2 IC4756 18 38 20.759 +05 26 02.31 9.42 2012MNRAS.427..882T BD+05 3858
2 IC4756 18 38 43.788 +05 14 19.96 9.41 2012MNRAS.427..882T BD+05 3868
2 IC4756 18 38 52.930 +05 20 16.52 9.04 2012MNRAS.427..882T BD+05 3873
2 IC4756 18 39 17.877 +05 13 48.78 9.29 2009A&A...493..309S BD+05 3882
2 IC4756 18 39 17.877 +05 13 48.78 9.29 2012MNRAS.427..882T BD+05 3882
2 IC4756 18 39 17.877 +05 13 48.78 9.29 2009A&A...493..309S BD+05 3882
2 IC4756 18 40 18.515 +05 18 51.74 9.23 2012MNRAS.427..882T BD+05 3906
2 IC4756 18 35 58.4619 +05 25 00.002 8.86 2009A&A...502..267S HD 171658
1 Melotte111 12 13 43.8968 +22 53 16.746 8.09 2008A&A...479..189G HD 106293
1 Melotte111 12 16 08.3751 +25 45 37.350 8.08 2008A&A...479..189G HD 106691
1 Melotte111 12 17 50.9069 +25 34 16.838 7.87 2008A&A...479..189G HD 106946
2 Melotte111 12 19 01.4760 +24 50 46.182 8.81 1992ApJ...387..170F HD 107132
2 Melotte111 12 19 28.3552 +24 17 03.181 8.97 1992ApJ...387..170F HD 107214
2 Melotte111 12 20 45.5707 +25 45 57.110 9.00 1992ApJ...387..170F HD 107399
2 Melotte111 12 21 49.0267 +26 32 56.754 9.33 1992ApJ...387..170F HD 107583
2 Melotte111 12 21 56.1629 +27 18 34.236 8.50 1992ApJ...387..170F HD 107611
2 Melotte111 12 21 56.1629 +27 18 34.236 8.50 2008A&A...479..189G HD 107611
2 Melotte111 12 22 24.7561 +22 27 50.919 8.54 1992ApJ...387..170F HD 107685
2 Melotte111 12 22 31.318 +25 49 42.03 8.61 1992ApJ...387..170F HD 107701
1 Melotte111 12 23 41.0089 +26 58 47.761 8.35 1992ApJ...387..170F HD 107877
1 Melotte111 12 23 41.0089 +26 58 47.761 8.35 2008A&A...479..189G HD 107877
2 Melotte111 12 25 22.4952 +23 13 44.723 8.56 1992ApJ...387..170F HD 108154
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2 Melotte111 12 25 22.4952 +23 13 44.723 8.56 2008A&A...479..189G HD 108154
2 Melotte111 12 25 51.9526 +26 46 36.003 8.34 1992ApJ...387..170F HD 108226
1 Melotte111 12 25 51.9526 +26 46 36.003 8.34 2008A&A...479..189G HD 108226
2 Melotte111 12 31 03.0973 +27 43 49.229 8.54 1992ApJ...387..170F HD 108976
2 Melotte111 12 31 03.0973 +27 43 49.229 8.54 2008A&A...479..189G HD 108976
1 Melotte111 12 31 50.5535 +29 18 50.914 7.55 2008A&A...479..189G HD 109069
1 Melotte111 12 12 24.8957 +27 22 48.320 8.09 2008A&A...479..189G V* GM Com
1 Melotte111 12 12 24.8957 +27 22 48.320 8.09 1992ApJ...387..170F V* GM Com
1 Melotte20 03 21 40.221 +49 07 12.83 9.60 1990ApJ...351..467B BD+48 892
1 Melotte20 03 21 40.221 +49 07 12.83 9.60 1996AJ....111..424G BD+48 892
1 Melotte20 03 28 31.5024 +48 56 27.289 9.7 1990ApJ...351..467B BD+48 923
1 Melotte20 03 11 49.9907 +50 22 46.761 9.69 1990ApJ...351..467B BD+49 868
2 Melotte20 03 37 43.042 +48 07 02.35 8.88 1990ApJ...351..467B Cl Melotte 20 1225
2 Melotte20 03 27 55.0139 +49 45 37.226 10.5 1996AJ....111..424G TYC 3320-2239-1
1 Melotte20 03 24 19.3703 +49 51 40.247 1.816 1996AJ....111..424G V* alf Per
2 Melotte22 03 46 50.5373 +23 14 21.072 9.97 1990ApJ...351..467B BD+22 553
2 Melotte22 03 48 07.114 +24 08 31.67 9.25 1990ApJ...351..467B CCDM J03481+2409AB
1 Melotte22 03 44 23.5456 +24 07 57.591 9.06 2008A&A...483..567G HD 23247
1 Melotte22 03 44 51.2369 +23 16 08.121 9.01 1990ApJ...351..467B HD 23289
1 Melotte22 03 45 05.2838 +23 42 09.641 8.99 1990ApJ...351..467B HD 23326
1 Melotte22 03 45 20.8580 +24 55 19.460 9.03 2008A&A...483..567G HD 23351
2 Melotte22 03 45 24.1245 +24 53 09.606 9.8 1990ApJ...351..467B HD 23352
2 Melotte22 03 46 12.6894 +23 07 42.748 8.67 1990ApJ...351..467B HD 23464
1 Melotte22 03 46 39.331 +24 06 11.71 9.28 1990ApJ...351..467B HD 23511
1 Melotte22 03 46 39.331 +24 06 11.71 9.28 2008A&A...483..567G HD 23511
2 Melotte22 03 47 17.1425 +23 43 36.304 6.99 2008A&A...483..567G HD 23609
1 Melotte22 03 48 16.8750 +25 12 54.443 9.21 1990ApJ...351..467B HD 23732
1 Melotte22 03 48 16.8750 +25 12 54.443 9.21 2008A&A...483..567G HD 23732
2 Melotte22 03 48 26.152 +24 02 54.67 10.2 1990ApJ...351..467B HD 282971
2 Melotte22 03 47 52.51 +23 56 28.4 9.87 1990ApJ...351..467B HD 282973
2 Melotte22 03 45 29.58 +23 45 37.9 13.64 2000ApJ...533..944K V* OT Tau
2 Melotte22 03 45 29.58 +23 45 37.9 13.64 2001A&A...372..862R V* OT Tau
2 Melotte22 03 43 26.62 +24 59 39.6 12.50 2001A&A...372..862R V* V700 Tau
2 Melotte22 03 43 26.62 +24 59 39.6 12.50 2000ApJ...533..944K V* V700 Tau
2 Melotte22 03 45 42.117 +24 54 21.70 9.56 1990ApJ...351..467B V* V969 Tau
1 Melotte25 04 59 44.3232 +15 55 00.243 6.759 1990ApJ...351..467B * 101 Tau
1 Melotte25 04 59 44.3232 +15 55 00.243 6.759 2010A&A...523A..71G * 101 Tau
1 Melotte25 04 59 44.3232 +15 55 00.243 6.759 1999A&A...351..247V * 101 Tau
2 Melotte25 04 22 56.1 +17 32 33.0 3.76 2011A&A...535A..30C * del Tau
2 Melotte25 04 28 36.9995 +19 10 49.554 3.540 1990AJ.....99.1961F * eps Tau
2 Melotte25 04 28 36.9995 +19 10 49.554 3.540 2011A&A...535A..30C * eps Tau
2 Melotte25 04 28 36.9995 +19 10 49.554 3.540 1990ApJS...74.1075M * eps Tau
2 Melotte25 04 28 36.9995 +19 10 49.554 3.540 2007A&A...475.1003H * eps Tau
2 Melotte25 04 28 36.9995 +19 10 49.554 3.540 1999A&A...350..859S * eps Tau
2 Melotte25 04 28 36.9995 +19 10 49.554 3.540 2006AJ....131.1057S * eps Tau
2 Melotte25 04 28 36.9995 +19 10 49.554 3.540 2006A&A...456.1109M * eps Tau
2 Melotte25 04 19 47.6037 +15 37 39.512 3.654 2011A&A...535A..30C * gam Tau
2 Melotte25 04 19 47.6037 +15 37 39.512 3.654 1990AJ.....99.1961F * gam Tau
2 Melotte25 04 19 47.6037 +15 37 39.512 3.654 1995AJ....110.2968L * gam Tau
2 Melotte25 04 19 47.6037 +15 37 39.512 3.654 1990ApJS...74.1075M * gam Tau
2 Melotte25 04 19 47.6037 +15 37 39.512 3.654 2006A&A...456.1109M * gam Tau
2 Melotte25 04 19 47.6037 +15 37 39.512 3.654 1999A&A...350..859S * gam Tau
2 Melotte25 04 19 47.6037 +15 37 39.512 3.654 2006AJ....131.1057S * gam Tau
2 Melotte25 04 19 47.6037 +15 37 39.512 3.654 2006A&A...458..609D * gam Tau
2 Melotte25 05 00 48.8857 +04 43 59.210 9.72 2006AJ....131.1057S BD+04 810
2 Melotte25 05 00 48.8857 +04 43 59.210 9.72 2003AJ....125.3185P BD+04 810
2 Melotte25 04 07 41.809 +15 09 43.26 8.7 2003AJ....125.3185P BD+14 657B
2 Melotte25 03 37 34.9739 +21 20 35.427 9.37 2003AJ....125.3185P BD+20 598
2 Melotte25 03 32 50.0781 +23 41 31.864 8.89 2003AJ....125.3185P BD+23 465
2 Melotte25 03 16 03.1258 +11 37 42.413 8.01 2007A&A...465..271R HD 20278
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2 Melotte25 03 17 26.3879 +07 39 20.907 7.373 2003AJ....125.3185P HD 20430
2 Melotte25 03 17 32.7809 +07 41 24.548 7.747 2003AJ....125.3185P HD 20439
2 Melotte25 03 32 39.9177 +35 39 33.459 7.31 2005ApJS..159..141V HD 21847
2 Melotte25 03 43 54.3405 +03 26 46.875 8.95 2000A&A...363..692T HD 23261
2 Melotte25 05 06 17.9891 +17 48 59.092 8.85 2003AJ....125.3185P HD 240648
2 Melotte25 04 06 16.1276 +15 41 53.233 7.811 2005ApJS..159..141V HD 25825
2 Melotte25 04 06 16.1276 +15 41 53.233 7.811 2006AJ....131.1057S HD 25825
2 Melotte25 04 06 16.1276 +15 41 53.233 7.811 2003AJ....125.3185P HD 25825
1 Melotte25 04 10 42.3643 +18 25 23.710 6.576 2010A&A...523A..71G HD 26345
1 Melotte25 04 10 42.3643 +18 25 23.710 6.576 1999A&A...351..247V HD 26345
1 Melotte25 04 10 42.3643 +18 25 23.710 6.576 1990ApJ...351..467B HD 26345
2 Melotte25 04 14 25.6501 +14 37 30.125 8.419 2003AJ....125.3185P HD 26756
2 Melotte25 04 14 34.3411 +10 42 04.996 7.080 1990ApJ...351..467B HD 26784
2 Melotte25 04 14 34.3411 +10 42 04.996 7.080 2003AJ....125.3185P HD 26784
2 Melotte25 04 19 08.0078 +17 31 29.097 8.427 2003AJ....125.3185P HD 27282
1 Melotte25 04 21 31.6493 +21 02 23.557 6.779 1999A&A...351..247V HD 27524
1 Melotte25 04 21 31.6493 +21 02 23.557 6.779 2010A&A...523A..71G HD 27524
2 Melotte25 04 21 32.2686 +18 25 03.297 6.787 2010A&A...523A..71G HD 27534
1 Melotte25 04 21 32.2686 +18 25 03.297 6.787 1999A&A...351..247V HD 27534
1 Melotte25 04 21 34.7955 +14 24 35.241 6.578 1999A&A...351..247V HD 27561
1 Melotte25 04 21 34.7955 +14 24 35.241 6.578 2010A&A...523A..71G HD 27561
1 Melotte25 04 21 34.7955 +14 24 35.241 6.578 1990ApJ...351..467B HD 27561
2 Melotte25 04 23 32.3322 +14 40 13.719 9.097 2003AJ....125.3185P HD 27771
2 Melotte25 04 24 14.5749 +21 44 10.477 7.125 1990ApJ...351..467B HD 27808
2 Melotte25 04 24 14.5749 +21 44 10.477 7.125 2003AJ....125.3185P HD 27808
2 Melotte25 04 24 12.7824 +16 22 44.135 8.203 2003AJ....125.3185P HD 27835
1 Melotte25 04 24 22.2727 +17 04 44.225 6.947 1999A&A...351..247V HD 27848
1 Melotte25 04 24 22.2727 +17 04 44.225 6.947 2010A&A...523A..71G HD 27848
2 Melotte25 04 25 57.3388 +05 09 00.521 7.36 1990ApJ...351..467B HD 28069
2 Melotte25 04 27 46.0747 +11 44 11.112 7.49 2003AJ....125.3185P HD 28237
2 Melotte25 04 28 04.4358 +13 52 04.592 9.08 2003AJ....125.3185P HD 28258
2 Melotte25 04 29 30.7652 +26 40 17.567 9.19 2006AJ....131.1057S HD 283704
2 Melotte25 04 29 30.7652 +26 40 17.567 9.19 2003AJ....125.3185P HD 283704
1 Melotte25 04 29 30.3505 +17 51 47.388 6.890 1999A&A...351..247V HD 28406
1 Melotte25 04 29 30.3505 +17 51 47.388 6.890 1990ApJ...351..467B HD 28406
1 Melotte25 04 29 30.3505 +17 51 47.388 6.890 2010A&A...523A..71G HD 28406
2 Melotte25 04 40 05.8427 +23 18 16.371 9.49 2003AJ....125.3185P HD 284574
2 Melotte25 04 29 57.7269 +16 40 22.225 9.09 2003AJ....125.3185P HD 28462
2 Melotte25 04 52 23.5311 +18 59 48.900 10.3 2006AJ....131.1057S HD 284930
2 Melotte25 03 55 06.5020 +16 59 54.515 8.964 2003AJ....125.3185P HD 285252
2 Melotte25 04 05 39.6738 +17 56 15.747 9.22 2003AJ....125.3185P HD 285367
2 Melotte25 04 27 47.0359 +14 25 03.895 9.475 2003AJ....125.3185P HD 285830
2 Melotte25 04 31 15.6919 +20 07 59.391 8.572 2006AJ....131.1057S HD 28593
2 Melotte25 04 31 15.6919 +20 07 59.391 8.572 2003AJ....125.3185P HD 28593
2 Melotte25 04 30 57.1723 +10 45 06.365 7.015 1990ApJ...351..467B HD 28608
2 Melotte25 04 31 29.3475 +13 54 12.487 7.746 2003AJ....125.3185P HD 28635
1 Melotte25 04 33 46.6414 +13 15 06.780 6.597 2010A&A...523A..71G HD 28911
1 Melotte25 04 33 46.6414 +13 15 06.780 6.597 1999A&A...351..247V HD 28911
2 Melotte25 04 34 32.1771 +15 49 39.204 9.644 2003AJ....125.3185P HD 28977
2 Melotte25 04 36 05.2629 +15 41 02.423 9.345 2003AJ....125.3185P HD 29159
2 Melotte25 04 38 51.2914 +23 08 59.895 7.51 2003AJ....125.3185P HD 29419
2 Melotte25 04 38 57.3145 +14 06 20.086 7.945 2005ApJS..159..141V HD 29461
2 Melotte25 04 46 30.3892 +15 28 19.381 8.280 2007A&A...468..663T HD 30246
2 Melotte25 04 49 03.5212 +18 38 28.459 8.947 2003AJ....125.3185P HD 30505
2 Melotte25 04 49 32.1254 +15 53 19.492 7.739 2003AJ....125.3185P HD 30589
2 Melotte25 04 50 48.5442 +16 12 37.637 7.27 1990ApJ...351..467B HD 30738
2 Melotte25 04 51 23.2160 +15 26 00.481 7.886 2003AJ....125.3185P HD 30809
2 Melotte25 04 57 49.5041 +14 00 07.869 8.92 2003AJ....125.3185P HD 31609
2 Melotte25 05 03 07.6577 +13 43 50.408 8.596 2006A&A...450..557R HD 32347
2 Melotte25 05 03 07.6577 +13 43 50.408 8.596 2003A&A...407..289S HD 32347
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2 Melotte25 05 03 07.6577 +13 43 50.408 8.596 2004A&A...426..809S HD 32347
2 Melotte25 05 03 07.6577 +13 43 50.408 8.596 2003AJ....125.3185P HD 32347
1 Melotte25 03 53 10.0464 +17 19 37.500 5.946 2010A&A...523A..71G HR 1201
1 Melotte25 03 53 10.0464 +17 19 37.500 5.946 1999A&A...351..247V HR 1201
1 Melotte25 03 59 40.4935 +10 19 49.448 6.340 1999A&A...351..247V HR 1233
1 Melotte25 03 59 40.4935 +10 19 49.448 6.340 2010A&A...523A..71G HR 1233
1 Melotte25 04 07 41.9831 +15 09 46.037 6.059 1990ApJ...351..467B HR 1279
1 Melotte25 04 07 41.9831 +15 09 46.037 6.059 1999A&A...351..247V HR 1279
1 Melotte25 04 07 41.9831 +15 09 46.037 6.059 2010A&A...523A..71G HR 1279
1 Melotte25 04 32 04.8091 +05 24 36.126 6.352 1999A&A...351..247V HR 1436
1 Melotte25 04 32 04.8091 +05 24 36.126 6.352 2010A&A...523A..71G HR 1436
1 Melotte25 04 30 46.7962 +16 08 55.306 6.505 2010A&A...523A..71G LP 15-640
1 Melotte25 04 30 46.7962 +16 08 55.306 6.505 1999A&A...351..247V LP 15-640
2 Melotte25 04 33 37.9643 +16 45 44.979 9.357 2003AJ....125.3185P LP 16-620
2 Melotte25 04 30 17.9716 +19 50 26.073 7.10 1990ApJ...351..467B LP 19-731
1 Melotte25 02 58 05.2215 +20 40 07.440 5.80 1990ApJ...351..467B LTT 10969
1 Melotte25 02 58 05.2215 +20 40 07.440 5.80 1999A&A...351..247V LTT 10969
1 Melotte25 02 58 05.2215 +20 40 07.440 5.80 2010A&A...523A..71G LTT 10969
1 Melotte25 04 15 46.2837 +15 24 02.502 6.300 1999A&A...351..247V V* V1099 Tau
1 Melotte25 04 15 46.2837 +15 24 02.502 6.300 2010A&A...523A..71G V* V1099 Tau
1 Melotte25 04 36 29.1375 +23 20 27.077 6.028 2010A&A...523A..71G V* V1116 Tau
1 Melotte25 04 36 29.1375 +23 20 27.077 6.028 1999A&A...351..247V V* V1116 Tau
2 Melotte25 04 14 27.2561 +12 26 07.166 8.030 2003AJ....125.3185P V* V1309 Tau
2 Melotte25 04 14 32.3154 +23 34 29.801 8.047 2006AJ....131.1057S V* V1310 Tau
2 Melotte25 04 14 32.3154 +23 34 29.801 8.047 2003AJ....125.3185P V* V1310 Tau
2 Melotte25 04 14 32.3154 +23 34 29.801 8.047 2007A&A...468..663T V* V1310 Tau
2 Melotte25 04 18 57.9752 +19 54 24.124 8.597 2003AJ....125.3185P V* V893 Tau
2 Melotte25 04 24 28.3249 +16 53 10.197 7.792 2003AJ....125.3185P V* V897 Tau
2 Melotte25 04 26 40.1211 +16 44 48.835 8.10 2007A&A...468..663T V* V911 Tau
2 Melotte25 04 26 40.1211 +16 44 48.835 8.10 2003AJ....125.3185P V* V911 Tau
2 Melotte25 04 28 48.2964 +17 17 07.671 7.837 2003AJ....125.3185P V* V920 Tau
2 Melotte25 04 28 48.2964 +17 17 07.671 7.837 2005ApJS..159..141V V* V920 Tau
2 Melotte25 04 29 31.6059 +17 53 35.456 8.934 1996AJ....112.2650K V* V921 Tau
2 Melotte25 04 29 31.6059 +17 53 35.456 8.934 2003AJ....125.3185P V* V921 Tau
2 Melotte25 04 34 35.3097 +15 30 16.631 7.898 2003AJ....125.3185P V* V938 Tau
2 Melotte25 04 16 33.4783 +21 54 26.890 9.11 2004A&A...426..809S V* V984 Tau
2 Melotte25 04 16 33.4783 +21 54 26.890 9.11 2003AJ....125.3185P V* V984 Tau
2 Melotte25 04 18 19.2735 +16 05 18.026 9.548 2006AJ....131.1057S V* V985 Tau
2 Melotte25 04 18 19.2735 +16 05 18.026 9.548 1996AJ....112.2650K V* V985 Tau
2 Melotte25 04 18 19.2735 +16 05 18.026 9.548 2003AJ....125.3185P V* V985 Tau
2 Melotte25 04 20 12.9673 +19 14 00.527 7.444 2003AJ....125.3185P V* V986 Tau
2 Melotte25 04 27 35.8902 +15 35 21.077 7.404 2003AJ....125.3185P V* V993 Tau
2 Melotte25 04 32 59.4482 +15 49 08.292 8.641 2003AJ....125.3185P V* V997 Tau
2 Melotte25 04 37 31.9818 +15 08 47.235 7.56 2004A&A...418..551M V* V998 Tau
1 Melotte66 12.81 1994A&A...283..911G Cl Melotte 66 1242
2 Melotte66 07 26 34.60 -47 42 47.1 14.600 2008A&A...488..943S Cl* Melotte 66 KJF 1000
1 Melotte66 07 26.3 -47 44 12.69 1994A&A...283..911G Cl* Melotte 66 KJF 2236
2 Melotte66 07 26 17.30 -47 44 00.1 14.586 2008A&A...488..943S Cl* Melotte 66 SBR 1346
2 Melotte66 07 26 02.51 -47 40 55.9 14.572 2008A&A...488..943S Cl* Melotte 66 SBR 1785
2 Melotte66 07 25 57.93 -47 40 23.2 14.491 2008A&A...488..943S Cl* Melotte 66 SBR 1865
2 Melotte66 07 26 19.90 -47 40 15.8 14.657 2008A&A...488..943S Cl* Melotte 66 SBR 1884
2 Melotte66 07 26 26.646 -47 37 55.66 14.48 2008A&A...488..943S Cl* Melotte 66 SBR 2218
2 Melotte71 16.83 1996AJ....112.1551B Cl* Melotte 71 PJ 127
1 Melotte71 15.62 1996AJ....112.1551B Cl* Melotte 71 PJ 23
2 NGC1039 02 41 28.10 +42 38 37.9 13.69 2003AJ....125.2085S 2MASS J02412814+4238371
2 NGC1039 02 41 45.91 +42 42 51.0 12.96 2003AJ....125.2085S Cl* NGC 1039 IS 133
2 NGC1039 02 42 05.74 +42 46 54.4 14.51 2003AJ....125.2085S Cl* NGC 1039 JP 298
2 NGC1039 02 42 19.20 +42 30 05.0 13.72 2003AJ....125.2085S Cl* NGC 1039 JP 366
2 NGC1039 02 42 30.16 +42 40 47.0 14.12 2003AJ....125.2085S Cl* NGC 1039 JP 415
2 NGC1039 02 41 44.14 +42 46 08.4 14.51 2003AJ....125.2085S V* V804 Per
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2 NGC1039 02 42 47.72 +42 47 43.8 15.00 2003AJ....125.2085S V* V862 Per
2 NGC1193 03 05 57.59 +44 22 42.87 14.63 2010AJ....139.1942F Cl* NGC 1193 KAL 282
2 NGC1193 03 05 57.59 +44 22 42.87 14.63 2013AJ....145..107J Cl* NGC 1193 KAL 282
2 NGC1245 03 14 34.05 +47 14 17.00 13.814 2013AJ....145..107J 2MASS J03143407+4714170
2 NGC1245 03 14 36.18 +47 13 51.00 13.423 2013AJ....145..107J NGC 1245 125
2 NGC1245 03 14 54.40 +47 17 12.4 13.44 2013AJ....145..107J NGC 1245 382
1 NGC1545 04 20 53.7118 +50 22 39.050 7.7 2011MNRAS.417..649Z HD 27276
2 NGC1545 04 20 53.5475 +50 16 18.200 8.09 2011MNRAS.417..649Z HD 27277
1 NGC1545 04 20 57.50319 +50 15 17.3824 7.13 2011MNRAS.417..649Z HD 27292
2 NGC1817 05 12 24.65 +16 35 48.84 12.04 2012MNRAS.419.1350R Cl* NGC 1817 MMU 73
2 NGC1817 05 12 24.65 +16 35 48.84 12.04 2009AJ....137.4753J Cl* NGC 1817 MMU 73
2 NGC1817 05 12 24.65 +16 35 48.84 12.04 2013AJ....145..107J Cl* NGC 1817 MMU 73
2 NGC1817 05 12 10.67 +16 38 31.1 12.46 2009AJ....137.4753J Cl* NGC 1817 MMU 79
2 NGC1817 05 12 10.67 +16 38 31.1 12.46 2013AJ....145..107J Cl* NGC 1817 MMU 79
2 NGC1817 05 12 19.38 +16 40 48.64 12.13 2012MNRAS.419.1350R Cl* NGC 1817 MMU 8
2 NGC1817 05 12 06.27 +16 38 15.34 12.17 2012MNRAS.419.1350R Cl* NGC 1817 MMU 81
2 NGC188 00 47 18.356 +85 19 45.73 12.99 2013AJ....145..107J Cl* NGC 188 FTS 11
2 NGC188 00 47 18.356 +85 19 45.73 12.99 2010AJ....139.1942F Cl* NGC 188 FTS 11
2 NGC188 00 48 58.958 +85 12 29.60 13.634 2013AJ....145..107J Cl* NGC 188 FTS 21
2 NGC188 00 48 58.958 +85 12 29.60 13.634 2010AJ....139.1942F Cl* NGC 188 FTS 21
2 NGC188 00 45 51.061 +85 18 08.28 12.41 2013AJ....145..107J Cl* NGC 188 FTS 7
2 NGC188 00 45 51.061 +85 18 08.28 12.41 2010AJ....139.1942F Cl* NGC 188 FTS 7
2 NGC188 00 42 25.541 +85 16 22.04 12.939 2013AJ....145..107J Cl* NGC 188 JA 1582
2 NGC188 00 42 25.541 +85 16 22.04 12.939 2010AJ....139.1942F Cl* NGC 188 JA 1582
1 NGC1883 05 25 51.67 +46 29 35.4 13.25 2009AJ....137.4753J 2MASS J05255167+4629353
1 NGC1883 05 25 51.67 +46 29 35.4 13.25 2013AJ....145..107J 2MASS J05255167+4629353
1 NGC1883 05 25 53.62 +46 26 20.4 13.30 2013AJ....145..107J 2MASS J05255362+4626203
1 NGC1883 05 25 53.62 +46 26 20.4 13.30 2009AJ....137.4753J 2MASS J05255362+4626203
2 NGC1901 05 18 03.2595 -68 27 56.686 8.38 2007A&A...466..931C HD 35294
2 NGC1977 05 40 27.5442 -02 25 43.080 10.117 1995ApJ...452..634C HD 294297
2 NGC1977 05 34 24.96 -05 22 05.6 10.88 1995ApJ...452..634C TYC 4774-818-2
2 NGC2099 05 52 08.08 +32 30 33.2 11.06 2010A&A...511A..56P Cl* NGC 2099 MMU 148
2 NGC2099 05 52 33.20 +32 27 43.7 10.98 2010A&A...511A..56P Cl* NGC 2099 MMU 508
2 NGC2099 05 52 16.54 +32 34 45.9 11.15 2010A&A...511A..56P Cl* NGC 2099 MMU 67
2 NGC2112 05 53 27.07 +00 23 33.8 14.25 2008MNRAS.386.1625C Cl* NGC 2112 CVD 304
1 NGC2112 05 53 40.59 +00 18 32.0 13.73 2008MNRAS.386.1625C Cl* NGC 2112 CVD 535
2 NGC2112 05 53 47.54 +00 22 02.0 11.724 1996AJ....112.1551B Cl* NGC 2112 CVD 656
2 NGC2112 05 53 57.29 +00 26 06.6 14.37 2008MNRAS.386.1625C Cl* NGC 2112 CVD 836
1 NGC2141 06 03 01.55 +10 28 34.7 13.33 2013AJ....145..107J NGC 2141 3240
1 NGC2141 06 03 01.55 +10 28 34.7 13.33 2005AJ....130..597Y NGC 2141 3240
1 NGC2141 06 02 50.78 +10 30 28.1 13.27 2009AJ....137.4753J NGC 2141 4009
1 NGC2141 06 02 50.78 +10 30 28.1 13.27 2013AJ....145..107J NGC 2141 4009
1 NGC2158 06 07 14.074 +24 06 54.67 13.17 2009AJ....137.4753J Cl* NGC 2158 AC c
1 NGC2158 06 07 14.074 +24 06 54.67 13.17 2013AJ....145..107J Cl* NGC 2158 AC c
2 NGC2194 06 13 46.93 +12 48 13.60 13.641 2013AJ....145..107J Cl* NGC 2194 SAB 55
2 NGC2194 06 13 31.69 +12 46 50.30 13.671 2013AJ....145..107J Cl* NGC 2194 SAB 57
1 NGC2243 06 29 30.10 -31 16 58.7 12.890 1994A&A...283..911G Cl* NGC 2243 MMU 1313
1 NGC2243 06 29 28.41 -31 17 17.4 12.03 1994A&A...283..911G Cl* NGC 2243 MMU 3633
2 NGC2251 06 34 37.07 +08 21 39.50 10.39 2013MNRAS.431.3338R Cl* NGC 2251 MMU 33
1 NGC2251 06 34 51.24 +08 19 31.90 10.39 2013MNRAS.431.3338R HD 259990
1 NGC2264 06 40 30.62 +09 46 10.6 15.32 2000ApJ...533..944K 2MASS J06403061+0946106
1 NGC2264 06 40 44.59 +09 48 12.6 15.32 2000ApJ...533..944K 2MASS J06404458+0948126
2 NGC2264 06 40 29.889 +09 50 10.40 14.25 2000ApJ...533..944K V* V595 Mon
2 NGC2266 06 43 16.69 +26 57 05.19 11.06 2013MNRAS.431.3338R TYC 1901-558-1
1 NGC2287 06 45 43.02 -20 51 09.6 7.43 2012A&A...538A.151S HD 49068
2 NGC2287 06 45 43.02 -20 51 09.6 7.43 2012A&A...538A.151S HD 49068
2 NGC2287 06 46 04.84 -20 36 24.9 7.8 2012A&A...538A.151S HD 49105
2 NGC2287 06 46 04.84 -20 36 24.9 7.8 2012A&A...538A.151S HD 49105
1 NGC2287 06 45 57.46 -20 46 30.2 6.91 2012A&A...538A.151S HD 49126
2 NGC2324 07 04 13.54 +01 02 05.2 13.615 2008A&A...480...79B Cl* NGC 2324 MMU 1788
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1 NGC2324 07 04 16.16 +01 01 13.5 12.508 2008A&A...480...79B Cl* NGC 2324 MMU 1992
1 NGC2324 07 04 00.32 +00 58 16.9 12.43 2008A&A...480...79B Cl* NGC 2324 MMU 2603
2 NGC2324 07 04 01.14 +01 06 04.1 13.351 2008A&A...480...79B Cl* NGC 2324 MMU 850
2 NGC2335 07 06 11.42 -09 56 22.70 10.89 2013MNRAS.431.3338R Cl* NGC 2335 MMU 11
2 NGC2355 07 17 05.24 +13 44 54.9 9.847 2013AJ....145..107J Cl* NGC 2355 MMU 398
2 NGC2355 07 16 52.75 +13 48 34.80 12.182 2013AJ....145..107J GSC 00775-00538
2 NGC2355 07 17 19.84 +13 46 12.30 12.635 2013AJ....145..107J TYC 775-1198-1
2 NGC2360 07 18 10.84 -15 34 13.30 11.09 2012MNRAS.419.1350R Cl* NGC 2360 EGG 9
2 NGC2360 07 17 32.56 -15 38 59.4 11.480 2009A&A...493..309S Cl* NGC 2360 MCL 15
2 NGC2360 07 17 32.56 -15 38 59.4 11.480 2009A&A...493..309S Cl* NGC 2360 MCL 15
2 NGC2360 07 17 43.032 -15 37 34.81 11.17 2009A&A...502..267S Cl* NGC 2360 MCL 8
2 NGC2360 07 17 43.032 -15 37 34.81 11.17 2000A&A...360..509H Cl* NGC 2360 MCL 8
2 NGC2360 07 17 16.91 -15 38 40.7 11.290 2009A&A...493..309S Cl* NGC 2360 MMU 79
2 NGC2360 07 17 16.91 -15 38 40.7 11.290 2009A&A...493..309S Cl* NGC 2360 MMU 79
2 NGC2360 07 17 35.0730 -15 38 35.400 10.7 2009A&A...502..267S HIP 35305
2 NGC2360 07 17 35.0730 -15 38 35.400 10.7 2000A&A...360..509H HIP 35305
2 NGC2360 07 18 19.0105 -15 34 59.414 11.103 2009A&A...493..309S HIP 35366
2 NGC2360 07 18 19.0105 -15 34 59.414 11.103 2009A&A...502..267S HIP 35366
2 NGC2360 07 18 19.0105 -15 34 59.414 11.103 2009A&A...493..309S HIP 35366
2 NGC2360 07 18 19.0105 -15 34 59.414 11.103 2000A&A...360..509H HIP 35366
2 NGC2360 07 18 09.58 -15 31 39.80 10.34 2012MNRAS.419.1350R NGC 2360 12
2 NGC2360 07 18 14.13 -15 37 30.49 10.74 2012MNRAS.419.1350R NGC 2360 5
2 NGC2360 07 18 19.08 -15 37 32.62 11.03 2012MNRAS.419.1350R NGC 2360 6
2 NGC2420 07 38 26.97 +21 38 24.5 12.40 2010A&A...511A..56P Cl* NGC 2420 MMU 174
2 NGC2420 07 38 06.27 +21 36 54.3 12.60 2010A&A...511A..56P Cl* NGC 2420 MMU 41
2 NGC2420 07 38 15.49 +21 38 01.6 12.65 2010A&A...511A..56P Cl* NGC 2420 MMU 76
2 NGC2423 07 37 09.238 -13 54 23.97 10.04 2009A&A...493..309S BD-13 2130
2 NGC2423 07 37 09.238 -13 54 23.97 10.04 2009A&A...493..309S BD-13 2130
2 NGC2423 07 37 11.544 -13 55 44.24 11.099 2009A&A...493..309S Cl* NGC 2423 MMU 20
2 NGC2423 07 37 11.544 -13 55 44.24 11.099 2009A&A...493..309S Cl* NGC 2423 MMU 20
2 NGC2423 07 37 46.62 -13 49 44.4 10.701 2009A&A...493..309S Cl* NGC 2423 MMU 240
2 NGC2423 07 37 46.62 -13 49 44.4 10.701 2009A&A...493..309S Cl* NGC 2423 MMU 240
2 NGC2447 07 44 50.25 -23 52 27.2 9.96 2009A&A...493..309S CD-23 6102
2 NGC2447 07 44 50.25 -23 52 27.2 9.96 2009A&A...502..267S CD-23 6102
2 NGC2447 07 44 50.25 -23 52 27.2 9.96 2012A&A...538A.151S CD-23 6102
2 NGC2447 07 44 50.25 -23 52 27.2 9.96 2009A&A...493..309S CD-23 6102
2 NGC2447 07 44 50.25 -23 52 27.2 9.96 2000A&A...360..509H CD-23 6102
2 NGC2447 07 44 50.25 -23 52 27.2 9.96 2012A&A...538A.151S CD-23 6102
2 NGC2447 07 44 25.734 -23 49 53.00 10.110 2009A&A...502..267S CPD-23 2745
2 NGC2447 07 44 25.734 -23 49 53.00 10.110 2009A&A...493..309S CPD-23 2745
2 NGC2447 07 44 25.734 -23 49 53.00 10.110 2012A&A...538A.151S CPD-23 2745
2 NGC2447 07 44 25.734 -23 49 53.00 10.110 2009A&A...493..309S CPD-23 2745
2 NGC2447 07 44 25.734 -23 49 53.00 10.110 2000A&A...360..509H CPD-23 2745
2 NGC2447 07 44 25.734 -23 49 53.00 10.110 2012A&A...538A.151S CPD-23 2745
2 NGC2447 07 44 33.67 -23 51 42.2 10.150 2012A&A...538A.151S CPD-23 2764
2 NGC2447 07 44 33.67 -23 51 42.2 10.150 2009A&A...493..309S CPD-23 2764
2 NGC2447 07 44 33.67 -23 51 42.2 10.150 2009A&A...502..267S CPD-23 2764
2 NGC2447 07 44 33.67 -23 51 42.2 10.150 2009A&A...493..309S CPD-23 2764
2 NGC2447 07 44 33.67 -23 51 42.2 10.150 2012A&A...538A.151S CPD-23 2764
2 NGC2447 07 44 33.67 -23 51 42.2 10.150 2000A&A...360..509H CPD-23 2764
2 NGC2477 07 52 36.53 -38 37 54.3 12.231 2008A&A...480...79B Cl* NGC 2477 KVI 1492
2 NGC2477 07 52 25.32 -38 38 38.7 12.771 2008A&A...480...79B Cl* NGC 2477 KVI 2447
2 NGC2477 07 52 00.78 -38 28 49.1 12.311 2008A&A...480...79B Cl* NGC 2477 KVI 4763
2 NGC2477 07 52 55.03 -38 33 12.6 12.397 2008A&A...480...79B Cl* NGC 2477 MMU 3206
2 NGC2482 07 55 09.09 -24 22 30.25 10.27 2013MNRAS.431.3338R CD-24 6174
1 NGC2506 08 00 05.88 -10 47 13.7 11.73 2004A&A...422..951C Cl* NGC 2506 MMU 2122
2 NGC2506 08 00 05.88 -10 47 13.7 11.73 2011MNRAS.416.1092M Cl* NGC 2506 MMU 2122
1 NGC2506 08 00 08.68 -10 46 37.50 11.95 2012MNRAS.419.1350R Cl* NGC 2506 MMU 2212
2 NGC2506 07 59 55.77 -10 48 22.7 13.12 2004A&A...422..951C Cl* NGC 2506 MMU 3231
2 NGC2506 07 59 55.77 -10 48 22.7 13.12 2011MNRAS.416.1092M Cl* NGC 2506 MMU 3231
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2 NGC2506 07 59 54.17 -10 46 18.5 14.00 2004A&A...422..951C Cl* NGC 2506 MMU 3271
2 NGC2506 07 59 51.79 -10 48 46.5 13.203 2004A&A...422..951C Cl* NGC 2506 MMU 3359
2 NGC2506 07 59 51.79 -10 48 46.5 13.203 2011MNRAS.416.1092M Cl* NGC 2506 MMU 3359
2 NGC2506 08 00 01.49 -10 45 38.50 13.3 2012MNRAS.419.1350R Cl* NGC 2506 MMU 4138
2 NGC2516 07 55 55.70 -60 41 39.6 13.06 2002ApJ...576..950T Cl* NGC 2516 DAC 320
2 NGC2516 07 56 34.07 -60 39 06.0 13.020 2002ApJ...576..950T Cl* NGC 2516 DAC 325
2 NGC2527 08 04 46.97 -28 07 50.04 9.49 2013MNRAS.431.3338R CD-27 4950
2 NGC2527 08 05 33.91 -28 08 58.44 9.51 2013MNRAS.431.3338R CD-27 4983
2 NGC2539 08 10 42.87 -12 40 11.80 10.69 2013MNRAS.431.3338R BD-12 2376
2 NGC2539 08 10 33.79 -12 51 48.7 11.172 2009A&A...493..309S Cl* NGC 2539 MMU 229
2 NGC2539 08 10 33.79 -12 51 48.7 11.172 2009A&A...493..309S Cl* NGC 2539 MMU 229
2 NGC2539 08 10 23.02 -12 50 43.25 10.92 2009A&A...493..309S Cl* NGC 2539 MMU 346
2 NGC2539 08 10 23.02 -12 50 43.25 10.92 2009A&A...493..309S Cl* NGC 2539 MMU 346
2 NGC2539 08 10 23.02 -12 50 43.25 10.92 2013MNRAS.431.3338R Cl* NGC 2539 MMU 346
2 NGC2539 08 11 27.67 -12 41 06.8 11.031 2009A&A...493..309S Cl* NGC 2539 MMU 502
2 NGC2539 08 11 27.67 -12 41 06.8 11.031 2009A&A...493..309S Cl* NGC 2539 MMU 502
2 NGC2567 08 18 19.18 -30 32 58.4 10.87 2012A&A...538A.151S CD-30 6011
2 NGC2567 08 18 19.18 -30 32 58.4 10.87 2012A&A...538A.151S CD-30 6011
2 NGC2567 08 18 26.43 -30 39 30.4 11.16 2012A&A...538A.151S CD-30 6015
2 NGC2567 08 18 26.43 -30 39 30.4 11.16 2012A&A...538A.151S CD-30 6015
2 NGC2567 08 18 35.26 -30 38 57.9 11.04 2012A&A...538A.151S Cl* NGC 2567 MMU 16
2 NGC2567 08 18 35.26 -30 38 57.9 11.04 2012A&A...538A.151S Cl* NGC 2567 MMU 16
2 NGC2632 08 40 06.4 +20 00 28.1 6.38 2011A&A...535A..30C * 39 Cnc
2 NGC2632 08 41 10.02 +19 30 32.2 10.11 1992ApJ...387..170F BD+20 2176
2 NGC2632 08 41 25.864 +19 56 37.00 10.8 2008A&A...489..403P BD+20 2181
2 NGC2632 08 37 11.49 +19 48 13.3 11.29 2007ApJ...655..233A Cl* NGC 2632 S 12
2 NGC2632 08 40 31.85 +20 12 06.0 11.52 2007ApJ...655..233A Cl* NGC 2632 S 129
2 NGC2632 08 40 42.49 +19 33 57.6 11.34 2008A&A...489..403P Cl* NGC 2632 S 138
2 NGC2632 08 40 47.62 +18 54 11.9 11.46 2007ApJ...655..233A Cl* NGC 2632 S 145
2 NGC2632 08 37 46.6017 +19 26 18.051 10.65 2008A&A...489..403P Cl* NGC 2632 S 25
2 NGC2632 08 37 52.09 +19 59 13.9 11.26 2007ApJ...655..233A Cl* NGC 2632 S 29
2 NGC2632 08 38 24.3005 +20 06 21.856 10.55 2008A&A...489..403P Cl* NGC 2632 S 42
2 NGC2632 08 39 45.756 +19 22 00.17 10.66 2008A&A...489..403P Cl* NGC 2632 S 83
2 NGC2632 08 39 50.7 +19 32 27.0 6.58 2011A&A...535A..30C HD 73598
1 NGC2632 08 39 58.0666 +19 12 05.878 9.54 1992ApJ...387..170F HD 73641
2 NGC2632 08 40 22.1 +19 40 11.9 6.41 2011A&A...535A..30C HR 3428
2 NGC2632 08 41 43.82 +20 13 36.8 10.33 2008A&A...489..403P NAME Pr 0201
2 NGC2660 08 42 36.45 -47 12 08.1 14.552 2006A&A...458..121S Cl* NGC 2660 SBT 296
2 NGC2660 08 42 41.72 -47 11 25.5 14.120 2006A&A...458..121S Cl* NGC 2660 SBT 542
2 NGC2660 08 42 45.44 -47 11 18.9 14.368 2006A&A...458..121S Cl* NGC 2660 SBT 694
2 NGC2660 08 42 50.67 -47 13 03.8 14.315 2006A&A...458..121S Cl* NGC 2660 SBT 862
2 NGC2682 08 51 12.70 +11 52 42.4 10.4 2000A&A...360..499T 2MASS J08511269+1152423
2 NGC2682 08 51 12.70 +11 52 42.4 10.4 2000A&A...360..499T 2MASS J08511269+1152423
2 NGC2682 08 51 12.70 +11 52 42.4 10.4 2013MNRAS.431.3338R 2MASS J08511269+1152423
1 NGC2682 08 51 17.10 +11 48 16.1 10.31 2005AJ....130..597Y 2MASS J08511710+1148160
2 NGC2682 08 51 17.10 +11 48 16.1 10.31 2010AJ....139.1942F 2MASS J08511710+1148160
2 NGC2682 08 51 17.10 +11 48 16.1 10.31 2013AJ....145..107J 2MASS J08511710+1148160
2 NGC2682 08 51 17.10 +11 48 16.1 10.31 2000A&A...360..499T 2MASS J08511710+1148160
2 NGC2682 08 51 18.54 +11 49 21.5 12.65 2006A&A...450..557R 2MASS J08511854+1149214
2 NGC2682 08 51 21.77 +11 44 05.0 14.19 2006A&A...450..557R 2MASS J08512176+1144050
2 NGC2682 08 51 22.80 +11 48 01.7 10.48 2010A&A...511A..56P 2MASS J08512280+1148016
2 NGC2682 08 51 22.80 +11 48 01.7 10.48 2005AJ....130..597Y 2MASS J08512280+1148016
2 NGC2682 08 51 22.80 +11 48 01.7 10.48 2013AJ....145..107J 2MASS J08512280+1148016
2 NGC2682 08 51 22.80 +11 48 01.7 10.48 2010AJ....139.1942F 2MASS J08512280+1148016
2 NGC2682 08 51 22.80 +11 48 01.7 10.48 2000A&A...360..499T 2MASS J08512280+1148016
2 NGC2682 08 51 22.80 +11 48 01.7 10.48 2000A&A...360..499T 2MASS J08512280+1148016
2 NGC2682 08 51 26.19 +11 53 52.0 10.5 2013MNRAS.431.3338R 2MASS J08512618+1153520
2 NGC2682 08 51 26.19 +11 53 52.0 10.5 2000A&A...360..499T 2MASS J08512618+1153520
2 NGC2682 08 51 26.19 +11 53 52.0 10.5 2000A&A...360..499T 2MASS J08512618+1153520
2 NGC2682 08 51 27.95 +11 50 11.8 14.42 2008A&A...489..403P 2MASS J08512794+1150118
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2 NGC2682 08 51 27.95 +11 50 11.8 14.42 2009A&A...493..309S 2MASS J08512794+1150118
2 NGC2682 08 51 28.99 +11 50 33.1 10.4 2013MNRAS.431.3338R 2MASS J08512898+1150330
2 NGC2682 08 51 28.99 +11 50 33.1 10.4 2009A&A...493..309S 2MASS J08512898+1150330
2 NGC2682 08 51 28.99 +11 50 33.1 10.4 2000A&A...360..499T 2MASS J08512898+1150330
2 NGC2682 08 51 28.99 +11 50 33.1 10.4 2009A&A...493..309S 2MASS J08512898+1150330
2 NGC2682 08 51 29.96 +11 51 09.0 14.11 2009A&A...493..309S 2MASS J08512996+1151090
2 NGC2682 08 51 29.96 +11 51 09.0 14.11 2008A&A...489..403P 2MASS J08512996+1151090
2 NGC2682 08 51 31.94 +11 51 16.8 14.02 2008A&A...489..403P 2MASS J08513191+1151166
2 NGC2682 08 51 31.94 +11 51 16.8 14.02 2009A&A...493..309S 2MASS J08513191+1151166
2 NGC2682 08 51 34.28 +11 49 43.8 12.87 2000AJ....120.1913S 2MASS J08513427+1149438
2 NGC2682 08 51 39.05 +11 47 55.4 13.74 2006A&A...450..557R 2MASS J08513904+1147553
2 NGC2682 08 51 39.05 +11 47 55.4 13.74 1991AJ....102.1070H 2MASS J08513904+1147553
2 NGC2682 08 51 59.52 +11 55 04.9 10.5 2000A&A...360..499T 2MASS J08515952+1155049
2 NGC2682 08 51 59.52 +11 55 04.9 10.5 2009A&A...493..309S 2MASS J08515952+1155049
2 NGC2682 08 51 59.52 +11 55 04.9 10.5 2009A&A...493..309S 2MASS J08515952+1155049
2 NGC2682 08 51 44.01 +11 46 24.5 12.77 2006A&A...450..557R Cl* NGC 2682 BBV 26
2 NGC2682 08 51 20.33 +11 45 52.4 13.154 2006A&A...450..557R Cl* NGC 2682 CI 14
2 NGC2682 08 51 21.23 +11 45 52.7 12.27 2000AJ....120.1913S Cl* NGC 2682 CI 15
2 NGC2682 08 51 20.12 +11 46 41.6 12.77 2006A&A...450..557R Cl* NGC 2682 CI 20
2 NGC2682 08 51 17.35 +11 47 00.6 13.09 1991AJ....102.1070H Cl* NGC 2682 CI 23
2 NGC2682 08 51 17.35 +11 47 00.6 13.09 2006A&A...450..557R Cl* NGC 2682 CI 23
2 NGC2682 08 50 51.88 +11 56 55.5 12.85 2000AJ....120.1913S Cl* NGC 2682 FBC 2607
2 NGC2682 08 50 54.5 +11 56 29 12.890 2000AJ....120.1913S Cl* NGC 2682 FBC 2689
2 NGC2682 08 51 43.87 +11 56 42.2 10.5 2010A&A...511A..56P Cl* NGC 2682 SAB 18
2 NGC2682 08 51 41.50 +11 47 36.2 14.15 2006A&A...450..557R Cl* NGC 2682 YBP 1051
2 NGC2682 08 51 36.07 +11 47 47.0 14.48 2008A&A...489..403P Cl* NGC 2682 YBP 1062
2 NGC2682 08 51 36.07 +11 47 47.0 14.48 2009A&A...493..309S Cl* NGC 2682 YBP 1062
2 NGC2682 08 51 27.89 +11 55 41.0 13.33 2009A&A...493..309S Cl* NGC 2682 YBP 1716
2 NGC2682 08 51 27.89 +11 55 41.0 13.33 2008A&A...489..403P Cl* NGC 2682 YBP 1716
2 NGC2682 08 50 53.31 +11 43 38.7 14.41 2009A&A...493..309S Cl* NGC 2682 ZTP 827
2 NGC2682 08 50 53.31 +11 43 38.7 14.41 2008A&A...489..403P Cl* NGC 2682 ZTP 827
2 NGC2682 08 51 20.55 +11 46 04.8 13.19 2006A&A...450..557R GSC 00814-01811
2 NGC2682 08 51 22.05 +11 46 40.9 13.20 1991AJ....102.1070H GSC 00814-01863
2 NGC2682 08 51 22.05 +11 46 40.9 13.20 2006A&A...450..557R GSC 00814-01863
1 NGC2682 08 51 17.485 +11 45 22.69 9.711 2005AJ....130..597Y NSV 4275
1 NGC2682 08 51 17.485 +11 45 22.69 9.711 2000A&A...360..499T NSV 4275
1 NGC2682 08 51 20.79 +11 53 26.1 11.22 1992ApJ...387..170F V* ES Cnc
2 NGC3114 10 02 41.26 -60 29 03.3 9.74 2009A&A...493..309S Cl* NGC 3114 MMU 273
2 NGC3114 10 02 41.26 -60 29 03.3 9.74 2009A&A...493..309S Cl* NGC 3114 MMU 273
1 NGC3114 10 02 57.1745 -60 14 22.797 8.5 2013A&A...554A...2S HD 304859
1 NGC3114 10 01 03.4538 -60 17 35.648 7.7 2013A&A...554A...2S HD 304864
1 NGC3114 10 00 54.33240 -60 13 34.3524 7.6 2013A&A...554A...2S HD 87109
1 NGC3114 10 03 21.0821 -59 56 53.632 7.9 2013A&A...554A...2S HD 87479
1 NGC3114 10 03 51.4629 -60 03 10.204 8.31 2009A&A...493..309S HD 87566
1 NGC3114 10 03 51.4629 -60 03 10.204 8.31 2013A&A...554A...2S HD 87566
1 NGC3114 10 03 51.4629 -60 03 10.204 8.31 2009A&A...493..309S HD 87566
2 NGC3114 10 05 44.0798 -60 19 01.057 8.6 2013A&A...554A...2S HD 87833
2 NGC3532 11 05 45.586 -58 40 39.71 8.19 2012A&A...538A.151S CPD-58 3077
2 NGC3532 11 05 45.586 -58 40 39.71 8.19 2009A&A...502..267S CPD-58 3077
2 NGC3532 11 05 45.586 -58 40 39.71 8.19 2012A&A...538A.151S CPD-58 3077
2 NGC3532 11 06 03.84 -58 41 15.8 7.34 2009A&A...502..267S CPD-58 3092
2 NGC3532 11 06 03.84 -58 41 15.8 7.34 2012A&A...538A.151S CPD-58 3092
2 NGC3532 11 06 03.84 -58 41 15.8 7.34 2012A&A...538A.151S CPD-58 3092
2 NGC3532 11 02 50.5981 -58 42 07.071 7.930 2009A&A...502..267S HD 95879
2 NGC3532 11 05 58.677 -58 43 29.69 7.73 2012A&A...538A.151S HD 96445
2 NGC3532 11 05 58.677 -58 43 29.69 7.73 2009A&A...502..267S HD 96445
2 NGC3532 11 05 58.677 -58 43 29.69 7.73 2012A&A...538A.151S HD 96445
1 NGC3532 11 07 57.321 -58 17 26.58 7.042 2009A&A...502..267S HD 96789
2 NGC3680 11 25 16.18 -43 14 24.1 10.78 2009A&A...493..309S CD-42 6963
2 NGC3680 11 25 16.18 -43 14 24.1 10.78 2009A&A...502..267S CD-42 6963
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1 NGC3680 11 25 16.18 -43 14 24.1 10.78 2001A&A...374.1017P CD-42 6963
2 NGC3680 11 25 16.18 -43 14 24.1 10.78 2009A&A...493..309S CD-42 6963
2 NGC3680 11 25 16.18 -43 14 24.1 10.78 2012MNRAS.422.3527M CD-42 6963
2 NGC3680 11 25 26.2 -43 11 24.2 10.1 2012MNRAS.422.3527M CD-42 6971
2 NGC3680 11 25 29.2 -43 15 48.0 10.88 2012MNRAS.422.3527M CD-42 6974
2 NGC3680 11 25 38.66 -43 13 58.7 10.69 2012MNRAS.422.3527M CD-42 6976
1 NGC3680 11 25 38.66 -43 13 58.7 10.69 2001A&A...374.1017P CD-42 6976
2 NGC3680 11 25 38.0777 -43 16 06.548 10.8 2009A&A...493..309S CD-42 6977
1 NGC3680 11 25 38.0777 -43 16 06.548 10.8 2001A&A...374.1017P CD-42 6977
2 NGC3680 11 25 38.0777 -43 16 06.548 10.8 2009A&A...493..309S CD-42 6977
2 NGC3680 11 25 38.0777 -43 16 06.548 10.8 2012MNRAS.422.3527M CD-42 6977
2 NGC3680 11 25 41.9 -43 17 07.0 10.73 2012MNRAS.422.3527M CD-42 6978
1 NGC3680 11 25 48.5321 -43 09 52.548 10.9 2001A&A...374.1017P CD-42 6981
2 NGC3680 11 25 48.5321 -43 09 52.548 10.9 2009A&A...493..309S CD-42 6981
2 NGC3680 11 25 48.5321 -43 09 52.548 10.9 2009A&A...493..309S CD-42 6981
2 NGC3680 11 25 48.5321 -43 09 52.548 10.9 2012MNRAS.422.3527M CD-42 6981
1 NGC3680 11 25 49.907 -43 12 15.71 10.02 2001A&A...374.1017P CD-42 6983
2 NGC3680 11 25 49.907 -43 12 15.71 10.02 2012MNRAS.422.3527M CD-42 6983
2 NGC3680 11 26 20.8 -43 13 09 14.36 2009A&A...493..309S Cl* NGC 3680 BFK 13
2 NGC3680 11 26 20.8 -43 13 09 14.36 2008A&A...489..403P Cl* NGC 3680 BFK 13
1 NGC3680 11 25 38.1 -43 13 27.3 13.07 2012MNRAS.422.3527M Cl* NGC 3680 BFK 95
2 NGC3680 11 25 03.50 -43 17 26.6 14.651 2009A&A...493..309S Cl* NGC 3680 EGG 70
2 NGC3680 11 25 03.50 -43 17 26.6 14.651 2008A&A...489..403P Cl* NGC 3680 EGG 70
1 NGC3680 11 26 36.4313 -43 15 13.864 10.7 2001A&A...374.1017P Cl* NGC 3680 MMU 53
2 NGC3960 11 50 26.76 -55 40 28.2 13.01 2006MNRAS.366.1493B Cl* NGC 3960 MMU 28
2 NGC3960 11 50 36.05 -55 42 05.6 13.15 2006MNRAS.366.1493B Cl* NGC 3960 MMU 41
2 NGC3960 11 50 28.184 -55 41 36.66 13.194 2006A&A...458..121S Cl* NGC 3960 PMS 310756
2 NGC3960 11 50 26.750 -55 40 28.20 12.945 2006A&A...458..121S Cl* NGC 3960 PMS 310758
2 NGC3960 11 50 38.100 -55 39 44.50 13.100 2006A&A...458..121S Cl* NGC 3960 PMS 310761
1 NGC4349 12 24 35.474 -61 49 11.68 10.830 2009A&A...493..309S Cl* NGC 4349 MMU 127
2 NGC4349 12 24 35.474 -61 49 11.68 10.830 2009A&A...493..309S Cl* NGC 4349 MMU 127
2 NGC4349 12 23 45.51 -61 52 15.5 11.511 2009A&A...493..309S Cl* NGC 4349 MMU 5
2 NGC4349 12 23 45.51 -61 52 15.5 11.511 2009A&A...493..309S Cl* NGC 4349 MMU 5
2 NGC5822 15 02 54.0979 -54 12 51.485 9.720 2009A&A...502..267S CPD-53 6207
2 NGC5822 15 03 50.012 -54 14 30.27 10.235 2009A&A...502..267S CPD-53 6224
2 NGC5822 15 04 30.5347 -54 35 48.728 10.522 2009A&A...502..267S CPD-54 6303
1 NGC5822 15 04 30.38 -54 31 44.8 9.450 2009A&A...502..267S CPD-54 6304
2 NGC5822 15 03 49.4050 -54 20 10.686 10.851 2009A&A...493..309S Cl* NGC 5822 MMU 102
2 NGC5822 15 03 49.4050 -54 20 10.686 10.851 2009A&A...493..309S Cl* NGC 5822 MMU 102
2 NGC5822 15 03 22.8612 -54 26 32.818 10.829 2009A&A...493..309S Cl* NGC 5822 MMU 224
2 NGC5822 15 03 22.8612 -54 26 32.818 10.829 2009A&A...493..309S Cl* NGC 5822 MMU 224
2 NGC5822 15 05 31.13 -54 26 20.1 10.93 2009A&A...493..309S Cl* NGC 5822 MMU 438
2 NGC5822 15 05 31.13 -54 26 20.1 10.93 2009A&A...493..309S Cl* NGC 5822 MMU 438
2 NGC5822 15 04 02.2498 -54 20 21.042 9.06 2009A&A...502..267S HD 132944
2 NGC6134 16 27 32.10 -49 09 02.0 12.077 2004A&A...422..951C Cl* NGC 6134 MMU 114
2 NGC6134 16 27 46.07 -49 05 29.6 12.269 2004A&A...422..951C Cl* NGC 6134 MMU 129
2 NGC6134 16 27 40.06 -49 12 42.2 12.272 2004A&A...422..951C Cl* NGC 6134 MMU 157
2 NGC6134 16 28 15.79 -49 07 19.6 11.619 2009A&A...502..267S Cl* NGC 6134 MMU 202
2 NGC6134 16 27 57.69 -49 08 36.3 12.202 2004A&A...422..951C Cl* NGC 6134 MMU 39
2 NGC6134 16 27 42.28 -49 06 36.1 12.394 2004A&A...422..951C Cl* NGC 6134 MMU 75
2 NGC6134 16 27 56.29 -49 10 29.8 11.633 2009A&A...502..267S Cl* NGC 6134 MMU 99
2 NGC6134 16 27 39.50 -49 08 39.3 12.39 2004A&A...422..951C Cl* NGC 6134 PM 81
2 NGC6192 16 40 11.42 -43 24 00.8 11.223 2010A&A...523A..11M 2MASS J16401142-4324008
2 NGC6192 16 40 24.21 -43 20 08.0 11.743 2010A&A...523A..11M CD-43 10987
2 NGC6192 16 40 40.81 -43 22 59.4 11.40 2010A&A...523A..11M CD-43 10991
2 NGC6253 16 58 42.586 -52 40 29.12 14.73 2012MNRAS.423.3039M 2MASS J16584258-5240291
2 NGC6253 16 58 53.318 -52 41 54.15 12.629 2007A&A...473..129C 2MASS J16585331-5241541
2 NGC6253 16 58 53.318 -52 41 54.15 12.629 2012MNRAS.423.3039M 2MASS J16585331-5241541
2 NGC6253 16 59 05.80 -52 41 04.9 12.388 2007A&A...473..129C 2MASS J16590584-5241043
2 NGC6253 16 59 06.102 -52 39 55.86 12.713 2007A&A...473..129C 2MASS J16590610-5239558
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2 NGC6253 16 59 06.102 -52 39 55.86 12.713 2012MNRAS.423.3039M 2MASS J16590610-5239558
2 NGC6253 16 59 12.93 -52 41 35.9 13.548 2007A&A...465..185S 2MASS J16591292-5241359
2 NGC6253 16 59 15.91 -52 42 26.7 12.685 2007A&A...473..129C Cl* NGC 6253 BTT 2509
2 NGC6253 16 59 21.358 -52 42 43.18 13.933 2007A&A...465..185S Cl* NGC 6253 EIS 23498
2 NGC6253 16 58 53.250 -52 42 43.32 14.330 2007A&A...465..185S Cl* NGC 6253 EIS 23501
2 NGC6253 16 58 52.30 -52 41 41.1 14.400 2007A&A...465..185S Cl* NGC 6253 EIS 69885
2 NGC6253 16 58 51.19 -52 36 57.8 12.700 2007A&A...465..185S Cl* NGC 6253 TAD 52
2 NGC6281 17 04 35.9732 -37 59 31.061 8.16 2009A&A...502..267S HD 322658
2 NGC6281 17 04 47.54 -37 53 14.7 7.94 2009A&A...502..267S HD 322660
2 NGC6475 17 53 54.3 -34 46 08 12.53 2009A&A...504..845V Cl* NGC 6475 JJ 10
2 NGC6475 17 54 09.5 -34 53 11 13.30 2009A&A...504..845V Cl* NGC 6475 JJ 8
2 NGC6475 17 53 08.5 -34 45 57 11.11 2009A&A...504..845V RX J175308.5-344557
2 NGC6494 17 56 51.99 -19 00 03.4 9.68 2012A&A...538A.151S BD-18 4705
2 NGC6494 17 56 51.99 -19 00 03.4 9.68 2012A&A...538A.151S BD-18 4705
2 NGC6494 17 56 23.04 -19 08 58.7 9.57 2012A&A...538A.151S HD 312343
2 NGC6494 17 56 23.04 -19 08 58.7 9.57 2012A&A...538A.151S HD 312343
2 NGC6494 17 56 41.17 -19 08 38.3 9.7 2012A&A...538A.151S HD 312417
2 NGC6494 17 56 41.17 -19 08 38.3 9.7 2012A&A...538A.151S HD 312417
2 NGC6583 18 15 51.1260 -22 07 26.400 14.100 2010A&A...523A..11M 2MASS J18155112-2207263
2 NGC6583 18 15 51.2310 -22 08 28.010 14.270 2010A&A...523A..11M 2MASS J18155123-2208280
2 NGC6633 18 28 17.6381 +06 46 00.052 8.98 2009A&A...493..309S BD+06 3796
2 NGC6633 18 28 17.6381 +06 46 00.052 8.98 2009A&A...493..309S BD+06 3796
2 NGC6633 18 27 11.13 +06 37 42.7 11.86 2005MNRAS.363L..81A Cl* NGC 6633 HJT 1251
1 NGC6633 18 27 37.7 +06 33 00 11.24 2005MNRAS.363L..81A Cl* NGC 6633 JEF 1
2 NGC6633 18 27 54.734 +06 36 00.34 8.31 2009A&A...493..309S HD 170174
2 NGC6633 18 27 54.734 +06 36 00.34 8.31 2009A&A...502..267S HD 170174
2 NGC6633 18 27 54.734 +06 36 00.34 8.31 2009A&A...493..309S HD 170174
1 NGC6633 18 27 54.734 +06 36 00.34 8.31 2005ApJS..159..141V HD 170174
2 NGC6633 18 28 22.9744 +06 42 29.308 8.77 2009A&A...493..309S HD 170292
2 NGC6633 18 28 22.9744 +06 42 29.308 8.77 2009A&A...493..309S HD 170292
2 NGC6705 18 51 03.60 -06 16 11.0 11.9 2012A&A...538A.151S Cl* NGC 6705 KF 195
2 NGC6705 18 51 03.60 -06 16 11.0 11.9 2012A&A...538A.151S Cl* NGC 6705 KF 195
2 NGC6705 18 51 00.24 -06 16 59.5 11.63 2006AJ....131.2949S Cl* NGC 6705 KF 95
2 NGC6705 18 51 03.99 -06 20 41.0 11.87 2012A&A...538A.151S Cl* NGC 6705 MMU 1090
2 NGC6705 18 50 55.82 -06 18 14.8 11.44 2006AJ....131.2949S Cl* NGC 6705 MMU 1423
1 NGC6705 18 51 15.34 -06 18 36.0 11.94 2006AJ....131.2949S Cl* NGC 6705 MMU 669
1 NGC6705 18 51 15.34 -06 18 36.0 11.94 2000PASP..112.1081G Cl* NGC 6705 MMU 669
2 NGC6705 18 51 14.52 -06 16 55.2 11.85 2006AJ....131.2949S Cl* NGC 6705 MMU 686
2 NGC6705 18 51 14.52 -06 16 55.2 11.85 2000PASP..112.1081G Cl* NGC 6705 MMU 686
1 NGC6705 18 51 11.16 -06 14 34.0 11.37 2006AJ....131.2949S Cl* NGC 6705 MMU 779
1 NGC6705 18 51 02.01 -06 17 26.6 11.24 2012A&A...538A.151S Cl* NGC 6705 PPM 14
2 NGC6705 18 51 02.01 -06 17 26.6 11.24 2012A&A...538A.151S Cl* NGC 6705 PPM 14
2 NGC6705 18 51 02.01 -06 17 26.6 11.24 2006AJ....131.2949S Cl* NGC 6705 PPM 14
1 NGC6705 18 51 07.974 -06 17 11.79 11.60 2006AJ....131.2949S Cl* NGC 6705 PPM 45
1 NGC6705 18 51 07.974 -06 17 11.79 11.60 2000PASP..112.1081G Cl* NGC 6705 PPM 45
2 NGC6705 18 51 00.93 -06 14 56.4 11.513 2006AJ....131.2949S TYC 5126-4042-1
2 NGC6791 19 20 57.91 +37 43 18.4 14.69 2006ApJ...642..462G Cl* NGC 6791 CAT 696
2 NGC6791 19 21 00.86 +37 46 39.6 14.64 2006ApJ...642..462G Cl* NGC 6791 KU 5710
2 NGC6791 19 20 56.30 +37 44 33.4 14.73 2006ApJ...642..462G Cl* NGC 6791 KU 5715
2 NGC6791 19 21 01.49 +37 44 48.6 17.457 2012ApJ...756L..40G SBG 11014
2 NGC6791 19 21 01.76 +37 46 32.3 17.372 2012ApJ...756L..40G SBG 11092
2 NGC6791 19 21 06.45 +37 46 40.1 17.37 2012ApJ...756L..40G SBG 12382
2 NGC6791 19 20 53.99 +37 46 41.9 17.15 2012ApJ...756L..40G SBG 8506
2 NGC6791 19 20 57.20 +37 47 45.0 17.158 2012ApJ...756L..40G SBG 9609
2 NGC6819 19 41 13.53 +40 12 20.6 13.069 2001AJ....121..327B NGC 6819 333
2 NGC6819 19 41 14.73 +40 11 00.8 12.77 2001AJ....121..327B NGC 6819 978
2 NGC6819 19 41 15.89 +40 11 11.5 12.79 2001AJ....121..327B NGC 6819 979
2 NGC6939 20 31 36.976 +60 41 19.63 12.7 2013AJ....145..107J Cl* NGC 6939 CHI 116
1 NGC6939 20 31 40.54 +60 37 08.4 12 2013AJ....145..107J Cl* NGC 6939 CHI 278
1 NGC6939 20 31 24.302 +60 37 43.18 12.5 2013AJ....145..107J Cl* NGC 6939 CHI 4a
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1 NGC6939 20 30 45.639 +60 36 03.60 11.1 2013AJ....145..107J NGC 6939 31
2 NGC7142 21 45 29.445 +65 46 28.96 13.43 2013AJ....145..107J Cl* NGC 7142 CT 196
2 NGC7142 21 45 29.445 +65 46 28.96 13.43 2008AJ....135.2341J Cl* NGC 7142 CT 196
1 NGC7142 21 45 10.04 +65 51 16.8 12.71 2013AJ....145..107J Cl* NGC 7142 CT 229
2 NGC7142 21 45 10.04 +65 51 16.8 12.71 2008AJ....135.2341J Cl* NGC 7142 CT 229
2 NGC7142 21 45 35.65 +65 44 59.0 13.08 2013AJ....145..107J Cl* NGC 7142 CT 377
2 NGC7142 21 45 35.65 +65 44 59.0 13.08 2008AJ....135.2341J Cl* NGC 7142 CT 377
2 NGC7142 21 45 00.73 +65 45 56.5 13.43 2013AJ....145..107J Cl* NGC 7142 HOAG 10
2 NGC7142 21 45 00.73 +65 45 56.5 13.43 2008AJ....135.2341J Cl* NGC 7142 HOAG 10
2 NGC752 01 56 21.60 +37 36 08.00 9.35 2012MNRAS.419.1350R BD+36 358
2 NGC752 01 57 37.6 +37 39 38.1 8.97 2011A&A...535A..30C BD+36 368
2 NGC752 01 55 12.6 +37 50 14.6 9.51 2011A&A...535A..30C BD+37 407
2 NGC752 01 57 03.10 +38 08 02.00 8.89 2012MNRAS.419.1350R BD+37 424
2 NGC752 01 57 38.9 +37 46 12.5 9.07 2011A&A...535A..30C BD+37 432
1 NGC752 01 57 44.726 +37 59 18.47 10.09 1999ApJ...521..753T BD+37 434
2 NGC752 01 58 29.80 +37 51 37.00 9.29 2012MNRAS.419.1350R BD+37 441
2 NGC752 01 58 52.90 +37 48 57.00 9.04 2011A&A...535A..30C BD+37 448
2 NGC752 01 58 52.90 +37 48 57.00 9.04 2012MNRAS.419.1350R BD+37 448
2 NGC752 01 57 52.07 +37 27 46.0 12.63 1992AJ....104..669H Cl* NGC 752 RV 103
2 NGC752 01 56 13.77 +37 15 57.0 12.847 2004A&A...426..809S Cl* NGC 752 RV 144
2 NGC752 01 58 27.59 +37 35 22.3 11.94 1992AJ....104..669H Cl* NGC 752 RV 236
2 NGC752 01 58 15.32 +37 33 19.7 13.26 1992AJ....104..669H Cl* NGC 752 RV 240
2 NGC752 01 58 06.29 +37 38 06.8 13.11 2004A&A...426..809S Cl* NGC 752 RV 241
2 NGC752 01 57 37.84 +37 49 50.4 13.20 1992AJ....104..669H Cl* NGC 752 RV 252
2 NGC752 01 57 05.54 +37 50 42.9 13.06 1992AJ....104..669H Cl* NGC 752 RV 260
2 NGC752 01 56 23.17 +37 38 03.0 12.85 2004A&A...426..809S Cl* NGC 752 RV 290
2 NGC752 01 58 02.76 +38 02 30.6 12.912 2004A&A...426..809S Cl* NGC 752 RV 388
2 NGC752 01 57 38.76 +38 08 30.3 12.885 2004A&A...426..809S Cl* NGC 752 RV 430
1 NGC752 01 58 11.41 +37 39 33.4 11.6 1992AJ....104..669H Cl* NGC 752 RV 5
2 NGC752 01 57 23.80 +37 52 12.0 12.21 1992AJ....104..669H Cl* NGC 752 RV 71
2 NGC7789 23 57 29.55 +56 42 23.5 12.69 2005A&A...431..933T Cl* NGC 7789 G 154
2 NGC7789 23 56 50.60 +56 49 20.9 12.81 2010A&A...511A..56P Cl* NGC 7789 G 164
2 NGC7789 23 57 19.21 +56 40 51.5 12.80 2010A&A...511A..56P Cl* NGC 7789 G 170
2 NGC7789 23 57 19.21 +56 40 51.5 12.80 2005A&A...431..933T Cl* NGC 7789 G 170
2 NGC7789 23 57 25.427 +56 39 37.52 12.90 2005A&A...431..933T Cl* NGC 7789 G 207
2 NGC7789 23 57 27.60 +56 45 39.2 12.975 2010A&A...511A..56P Cl* NGC 7789 G 213
1 NGC7789 23 57 08.064 +56 43 21.67 11.11 2005A&A...431..933T Cl* NGC 7789 G 30
1 NGC7789 23 57 11.132 +56 44 29.12 11.16 2005A&A...431..933T Cl* NGC 7789 G 31
1 NGC7789 23 57 24.483 +56 48 30.71 11.43 2005A&A...431..933T Cl* NGC 7789 G 46
1 NGC7789 23 57 31.872 +56 41 22.12 11.611 2005A&A...431..933T Cl* NGC 7789 G 48
1 Pfleiderer4 23 50 57.4 +62 20 03.2 16.19 2012AJ....144...95Y 2MASS J23505744+6220031
1 Pfleiderer4 23 50 57.4 +62 20 03.2 16.19 2013AJ....145..107J 2MASS J23505744+6220031
2 Ruprecht147 19 16 47.252 -16 04 09.31 12.39 2013AJ....145..134C 2MASS J19164725-1604093
2 Ruprecht147 19 13 22.2074 -16 45 09.795 9.98 2013AJ....145..134C HD 179498
2 Ruprecht147 19 17 23.8309 -16 12 48.894 10.04 2013AJ....145..134C HD 180512
2 Ruprecht147 19 16 08.790 -15 24 28.07 11.82 2013AJ....145..134C TYC 6296-1176-1
2 Ruprecht147 19 16 44.963 -17 17 07.41 10.61 2013AJ....145..134C TYC 6300-140-1
2 Saurer1 07 20 54.86 +01 47 53.1 16.43 2004AJ....128.1676C 2MASS J07205485+0147531
2 Saurer1 07 20 57.17 +01 48 45.5 16.92 2004AJ....128.1676C 2MASS J07205717+0148454
1 Trumpler2 02 36 52.8023 +55 54 55.414 7.45 2011MNRAS.417..649Z HD 16068
1 Trumpler20 12 39 45.99 -60 37 42.3 13.625 2008MNRAS.391.1482P Cl* Trumpler 20 MG 675
Column descriptions: The first column identifies the measurements that are included in the final high-resolution sample (S=2,
Sect. 4; S=1 for the measurements not included in the final sample). The Bibcode column gives the ADS Bibcode of the article from
which the metallicity determination was taken. The last column gives a star identification, which is resolvable by Simbad, except
for five stars in NGC 6791 measured by Geisler et al. (2012), for which the numbers from Stetson et al. (2003) are given.
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Table 4. Weighted mean metallicity (column 5) of OCs, computed for each reference (column 7) giving atmospheric parameters based on high-
resolution, high-S/N spectra. Only highly probable members and non-SBs were considered. See also Fig. 1.
(1) (2) (3) (4) (5) (6) (7)
OC no. Name Teff range log g range Mean [Fe/H] # Reference
1 Berkeley17 4300 4490 1.50 2.00 −0.10 ± 0.10 3 Friel et al. (2005)
1 Berkeley17 4300 4500 1.50 2.10 −0.13 ± 0.03 3 Jacobson & Friel (2013)
2 Berkeley18 4400 4650 1.90 2.30 −0.32 ± 0.02 2 Jacobson & Friel (2013)
2 Berkeley18 4400 4500 1.90 2.20 −0.43 ± 0.04 2 Yong et al. (2012)
3 Berkeley20 4400 4700 1.70 2.10 −0.29 ± 0.02 2 Sestito et al. (2008)
3 Berkeley20 4500 4590 1.80 2.20 −0.49 ± 0.06 2 Yong et al. (2005)
4 Berkeley21 4520 4650 1.90 2.10 −0.21 ± 0.06 2 Jacobson & Friel (2013)
4 Berkeley21 4500 4625 1.70 1.90 −0.30 ± 0.06 2 Yong et al. (2012)
5 Berkeley22 4000 4400 1.10 2.10 −0.25 ± 0.03 2 Jacobson & Friel (2013)
5 Berkeley22 3850 4350 0.20 1.70 −0.45 ± 0.06 2 Yong et al. (2012)
6 Berkeley29 5070 5090 2.60 2.60 −0.44 ± 0.01 2 Carraro et al. (2004)
6 Berkeley29 4050 5020 1.03 2.70 −0.31 ± 0.04 4 Sestito et al. (2008)
6 Berkeley29 3830 3980 0.60 1.00 −0.54 ± 0.03 2 Yong et al. (2005)
7 Berkeley32 4650 4700 2.10 2.30 −0.30 ± 0.03 2 Carrera & Pancino (2011)
7 Berkeley32 4100 4100 1.00 1.00 −0.30 ± 0.02 2 Friel et al. (2010)
7 Berkeley32 4100 5000 1.00 2.70 −0.26 ± 0.07 4 Jacobson & Friel (2013)
7 Berkeley32 4760 4920 2.10 3.00 −0.29 ± 0.05 9 Sestito et al. (2006)
7 Berkeley32 4875 4950 2.40 2.70 −0.38 ± 0.01 2 Yong et al. (2012)
8 Berkeley39 4399 4801 2.10 2.47 −0.24 ± 0.05 7 Bragaglia et al. (2012)
8 Berkeley39 4200 4750 1.50 2.20 −0.20 ± 0.00 3 Friel et al. (2010)
8 Berkeley39 4200 4750 1.60 2.30 −0.15 ± 0.00 4 Jacobson & Friel (2013)
9 Blanco1 6600 6900 4.30 4.65 +0.14 ± 0.10 4 Edvardsson et al. (1995)
9 Blanco1 5440 6550 4.37 4.60 +0.02 ± 0.07 7 Ford et al. (2005)
10 Collinder110 4650 4950 2.70 2.80 +0.03 ± 0.02 3 Pancino et al. (2010)
11 Collinder121 3900 3900 0.65 0.65 −0.32 1 Hekker & Meléndez (2007)
11 Collinder121 3200 3200 0.00 0.00 +0.25 1 Mallik (1998)
12 Collinder261 3980 4580 0.40 2.10 −0.08 ± 0.12 6 Carretta et al. (2005)
12 Collinder261 3950 4650 0.50 2.30 −0.01 ± 0.02 11 De Silva et al. (2007)
12 Collinder261 4000 4490 0.70 2.20 −0.23 ± 0.11 4 Friel et al. (2003)
12 Collinder261 4350 4720 1.70 2.40 +0.13 ± 0.06 7 Sestito et al. (2008)
13 IC2391 4440 5700 4.30 4.50 −0.05 ± 0.03 8 De Silva et al. (2013)
13 IC2391 4343 5630 4.50 4.50 −0.02 ± 0.00 4 D’Orazi & Randich (2009)
13 IC2391 5616 5616 4.51 4.51 +0.05 1 Platais et al. (2007)
13 IC2391 4970 5260 4.50 4.50 +0.00 ± 0.08 2 Randich et al. (2001)
14 IC2602 4770 5760 4.45 4.50 −0.01 ± 0.00 7 D’Orazi & Randich (2009)
14 IC2602 4820 5560 4.50 4.50 −0.06 ± 0.01 3 Randich et al. (2001)
15 IC2714 5017 5253 2.62 3.03 −0.01 ± 0.04 6 Santos et al. (2009)
15 IC2714 5070 5070 2.70 2.70 +0.12 1 Smiljanic et al. (2009)
16 IC4651 3950 4730 0.29 2.52 +0.04 ± 0.19 5 Carretta et al. (2004)
16 IC4651 5910 6320 4.36 4.57 +0.12 ± 0.05 5 Pace et al. (2008)
16 IC4651 4900 6900 2.70 4.40 +0.15 ± 0.09 25 Pasquini et al. (2004)
16 IC4651 4676 6280 2.61 4.58 +0.14 ± 0.04 11 Santos et al. (2009)
17 IC4665 4913 6370 4.44 4.66 −0.03 ± 0.04 18 Shen et al. (2005)
18 IC4756 5146 5240 3.06 3.21 +0.05 ± 0.03 6 Santos et al. (2009)
18 IC4756 4620 5075 2.42 3.00 +0.03 ± 0.04 4 Smiljanic et al. (2009)
18 IC4756 4700 5200 3.00 3.40 −0.01 ± 0.02 12 Ting et al. (2012)
19 Melotte111 5060 6730 4.20 4.39 −0.04 ± 0.05 12 Friel & Boesgaard (1992)
19 Melotte111 6413 6892 4.06 4.57 +0.09 ± 0.07 10 Gebran et al. (2008)
20 Melotte20 6380 6811 4.50 4.50 −0.02 ± 0.08 4 Boesgaard & Friel (1990)
20 Melotte20 6200 6900 1.20 4.35 −0.05 ± 0.26 3 Gonzalez & Lambert (1996)
21 Melotte22 5860 6811 4.50 4.50 −0.02 ± 0.06 11 Boesgaard & Friel (1990)
21 Melotte22 6492 6948 4.28 4.63 +0.05 ± 0.03 5 Gebran & Monier (2008)
21 Melotte22 4410 4525 4.60 4.60 +0.06 ± 0.03 2 King et al. (2000)
21 Melotte22 4400 4445 4.50 4.50 −0.03 ± 0.01 2 Randich et al. (2001)
22 Melotte25 6222 6811 4.50 4.50 +0.11 ± 0.08 12 Boesgaard & Friel (1990)
22 Melotte25 4750 4800 2.70 2.80 +0.12 ± 0.02 3 Carrera & Pancino (2011)
22 Melotte25 5030 5030 3.00 3.00 +0.20 1 da Silva et al. (2006)
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Table 4. continued.
OC no. Name Teff range log g range Mean [Fe/H] # Reference
22 Melotte25 4800 4800 2.20 2.60 +0.01 ± 0.09 2 Fernandez-Villacanas et al. (1990)
22 Melotte25 6485 6975 4.13 4.46 +0.06 ± 0.06 16 Gebran et al. (2010)
22 Melotte25 4910 4910 2.75 2.75 +0.05 1 Hekker & Meléndez (2007)
22 Melotte25 4790 5190 4.50 4.55 +0.10 ± 0.04 2 King & Hiltgen (1996)
22 Melotte25 4900 4900 2.60 2.60 +0.13 1 Luck & Challener (1995)
22 Melotte25 4820 4930 2.77 2.90 +0.00 ± 0.04 2 McWilliam (1990)
22 Melotte25 5852 5852 4.20 4.20 +0.08 1 Mishenina et al. (2004)
22 Melotte25 4925 4955 2.55 2.70 +0.11 ± 0.00 2 Mishenina et al. (2006)
22 Melotte25 4900 6450 4.20 4.60 +0.14 ± 0.05 46 Paulson et al. (2003)
22 Melotte25 5779 5779 3.88 3.88 −0.09 1 Ramírez et al. (2007)
22 Melotte25 5339 5339 4.50 4.50 +0.13 1 Randich et al. (2006)
22 Melotte25 4573 5978 2.57 4.68 +0.09 ± 0.04 9 Schuler et al. (2006)
22 Melotte25 5339 5339 4.50 4.50 +0.14 1 Sestito et al. (2003)
22 Melotte25 5142 5339 4.50 4.50 +0.15 ± 0.00 2 Sestito et al. (2004)
22 Melotte25 4911 4965 2.45 2.65 +0.16 ± 0.00 2 Smith (1999)
22 Melotte25 5740 5828 4.33 4.51 +0.16 ± 0.03 3 Takeda et al. (2007)
22 Melotte25 5132 5132 4.64 4.64 +0.10 1 Thorén & Feltzing (2000)
22 Melotte25 5913 6341 4.33 4.52 +0.18 ± 0.08 4 Valenti & Fischer (2005)
22 Melotte25 6505 6985 4.16 4.47 −0.11 ± 0.13 16 Varenne & Monier (1999)
23 Melotte66 3990 4046 1.20 1.40 −0.35 ± 0.03 2 Gratton & Contarini (1994)
23 Melotte66 4717 4850 2.00 2.45 −0.32 ± 0.03 6 Sestito et al. (2008)
24 Melotte71 4520 4610 1.70 2.16 −0.31 ± 0.04 2 Brown et al. (1996)
25 NGC1039 4750 5760 4.54 4.66 +0.02 ± 0.06 7 Schuler et al. (2003)
26 NGC1193 4650 4650 2.10 2.10 −0.22 1 Friel et al. (2010)
26 NGC1193 4700 4700 2.20 2.20 −0.21 1 Jacobson & Friel (2013)
27 NGC1245 4800 4800 2.30 2.50 +0.02 ± 0.03 3 Jacobson & Friel (2013)
28 NGC1545 4400 5200 1.00 2.60 −0.11 ± 0.04 3 Zacˇs et al. (2011)
29 NGC1817 4850 5100 2.30 2.50 −0.06 ± 0.04 2 Jacobson et al. (2009)
29 NGC1817 4850 5100 2.50 2.60 −0.08 ± 0.03 2 Jacobson & Friel (2013)
29 NGC1817 4800 5100 2.40 2.60 −0.12 ± 0.02 3 Reddy et al. (2012)
30 NGC188 4400 4850 2.10 2.90 +0.12 ± 0.02 4 Friel et al. (2010)
30 NGC188 4400 4800 2.20 2.90 +0.10 ± 0.06 4 Jacobson & Friel (2013)
31 NGC1883 4500 4600 1.50 1.80 +0.02 ± 0.01 2 Jacobson et al. (2009)
31 NGC1883 4500 4600 1.50 1.70 −0.05 ± 0.00 2 Jacobson & Friel (2013)
32 NGC1901 5350 5350 3.20 3.20 −0.08 1 Carraro et al. (2007a)
33 NGC1977 5950 6150 4.00 4.00 −0.06 ± 0.19 2 Cunha et al. (1995)
34 NGC2099 4500 4550 2.70 2.80 +0.02 ± 0.05 3 Pancino et al. (2010)
35 NGC2112 4550 4550 2.46 2.46 −0.16 1 Brown et al. (1996)
35 NGC2112 5130 6650 3.48 3.85 +0.14 ± 0.03 3 Carraro et al. (2008)
36 NGC2141 4100 4100 1.20 1.20 +0.00 1 Jacobson et al. (2009)
36 NGC2141 4100 4100 1.20 1.20 −0.08 ± 0.00 2 Jacobson & Friel (2013)
36 NGC2141 4100 4100 1.20 1.20 −0.14 1 Yong et al. (2005)
37 NGC2158 4400 4400 1.50 1.50 −0.03 1 Jacobson et al. (2009)
37 NGC2158 4400 4400 1.50 1.50 −0.08 1 Jacobson & Friel (2013)
38 NGC2194 5100 5100 2.20 2.50 −0.09 ± 0.00 2 Jacobson & Friel (2013)
39 NGC2243 4110 4498 1.30 1.90 −0.48 ± 0.00 2 Gratton & Contarini (1994)
40 NGC2251 4850 4850 1.90 2.00 −0.10 ± 0.01 2 Reddy et al. (2013)
41 NGC2264 4250 4660 3.83 4.10 −0.18 ± 0.08 3 King et al. (2000)
42 NGC2266 4850 4850 2.60 2.60 −0.44 1 Reddy et al. (2013)
43 NGC2287 4350 4764 1.71 2.15 −0.13 ± 0.06 5 Santos et al. (2012)
44 NGC2324 4300 5100 1.00 2.20 −0.17 ± 0.07 4 Bragaglia et al. (2008)
45 NGC2335 5400 5400 3.10 3.10 −0.18 1 Reddy et al. (2013)
46 NGC2355 5100 5300 2.10 3.30 −0.05 ± 0.08 3 Jacobson & Friel (2013)
47 NGC2360 5130 5230 2.73 2.89 +0.07 ± 0.07 3 Hamdani et al. (2000)
47 NGC2360 4650 5050 2.10 2.70 −0.08 ± 0.03 4 Reddy et al. (2012)
47 NGC2360 5074 5201 3.05 3.21 +0.00 ± 0.02 6 Santos et al. (2009)
47 NGC2360 4960 5115 2.65 3.00 −0.01 ± 0.08 3 Smiljanic et al. (2009)
48 NGC2420 4800 4850 2.60 2.60 −0.05 ± 0.02 3 Pancino et al. (2010)
49 NGC2423 4578 5122 2.48 3.13 +0.08 ± 0.05 6 Santos et al. (2009)
50 NGC2447 5140 5250 2.56 2.70 +0.03 ± 0.03 3 Hamdani et al. (2000)
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Table 4. continued.
OC no. Name Teff range log g range Mean [Fe/H] # Reference
50 NGC2447 5038 5222 2.76 2.95 −0.05 ± 0.04 6 Santos et al. (2009)
50 NGC2447 5064 5242 2.72 3.01 −0.03 ± 0.05 6 Santos et al. (2012)
50 NGC2447 5045 5120 2.70 2.90 −0.01 ± 0.00 3 Smiljanic et al. (2009)
51 NGC2477 4950 4980 2.70 2.80 +0.07 ± 0.03 4 Bragaglia et al. (2008)
52 NGC2482 4850 4850 2.50 2.50 −0.07 1 Reddy et al. (2013)
53 NGC2506 4450 5030 1.06 2.54 −0.23 ± 0.08 4 Carretta et al. (2004)
53 NGC2506 4660 5050 2.16 2.64 −0.25 ± 0.05 3 Mikolaitis et al. (2011)
53 NGC2506 4700 5100 1.75 2.60 −0.19 ± 0.01 2 Reddy et al. (2012)
54 NGC2516 6080 6090 4.50 4.50 +0.05 ± 0.11 2 Terndrup et al. (2002)
55 NGC2527 5050 5150 2.80 3.10 −0.10 ± 0.04 2 Reddy et al. (2013)
56 NGC2539 5050 5175 2.80 3.10 −0.07 ± 0.00 2 Reddy et al. (2013)
56 NGC2539 5061 5211 2.86 3.08 +0.08 ± 0.02 6 Santos et al. (2009)
57 NGC2567 4890 5216 2.59 2.89 −0.04 ± 0.08 6 Santos et al. (2012)
58 NGC2632 5600 5850 4.40 4.50 +0.11 ± 0.00 4 An et al. (2007)
58 NGC2632 4800 4900 2.80 2.90 +0.15 ± 0.05 3 Carrera & Pancino (2011)
58 NGC2632 6210 6600 3.98 4.17 +0.04 ± 0.03 2 Friel & Boesgaard (1992)
58 NGC2632 5800 6280 4.34 4.58 +0.27 ± 0.04 6 Pace et al. (2008)
59 NGC2660 5060 5200 2.50 3.00 +0.04 ± 0.03 4 Sestito et al. (2006)
60 NGC2682 6790 6790 4.12 4.12 −0.07 1 Friel & Boesgaard (1992)
60 NGC2682 4400 4700 2.00 2.40 +0.06 ± 0.06 2 Friel et al. (2010)
60 NGC2682 5980 6190 4.09 4.27 −0.10 ± 0.16 3 Hobbs & Thorburn (1991)
60 NGC2682 4450 4700 2.10 2.40 +0.04 ± 0.05 2 Jacobson & Friel (2013)
60 NGC2682 5750 6160 4.37 4.48 +0.03 ± 0.04 6 Pace et al. (2008)
60 NGC2682 4650 4800 2.80 2.80 +0.05 ± 0.01 2 Pancino et al. (2010)
60 NGC2682 5541 6223 3.80 4.50 +0.03 ± 0.02 10 Randich et al. (2006)
60 NGC2682 4650 4800 2.25 2.60 −0.08 ± 0.03 3 Reddy et al. (2013)
60 NGC2682 4659 6111 2.53 4.48 +0.01 ± 0.04 10 Santos et al. (2009)
60 NGC2682 6170 6360 3.90 4.30 −0.01 ± 0.08 4 Shetrone & Sandquist (2000)
60 NGC2682 4250 4760 1.70 2.50 −0.02 ± 0.02 10 Tautvaišiene et al. (2000)
60 NGC2682 4200 4700 1.60 2.30 +0.02 ± 0.04 3 Yong et al. (2005)
61 NGC3114 4384 5305 1.65 3.09 +0.02 ± 0.12 4 Santos et al. (2009)
61 NGC3114 4500 4900 1.20 2.20 −0.01 ± 0.05 6 Santrich et al. (2013)
62 NGC3532 4766 5218 2.22 3.09 −0.02 ± 0.07 6 Santos et al. (2012)
62 NGC3532 4355 5045 1.80 2.65 +0.05 ± 0.05 5 Smiljanic et al. (2009)
63 NGC3680 4800 6800 2.60 4.40 −0.02 ± 0.09 9 Mitschang et al. (2012)
63 NGC3680 6010 6210 4.47 4.50 −0.04 ± 0.05 2 Pace et al. (2008)
63 NGC3680 4508 5233 2.00 2.50 −0.27 ± 0.10 6 Pasquini et al. (2001)
63 NGC3680 4649 6134 2.68 4.54 −0.02 ± 0.02 8 Santos et al. (2009)
63 NGC3680 4660 4660 2.60 2.60 +0.04 1 Smiljanic et al. (2009)
64 NGC3960 4850 4900 2.06 2.20 −0.12 ± 0.06 2 Bragaglia et al. (2006)
64 NGC3960 4950 5050 2.40 2.50 +0.04 ± 0.03 3 Sestito et al. (2006)
65 NGC4349 4394 5186 1.91 2.72 −0.09 ± 0.06 4 Santos et al. (2009)
66 NGC5822 5148 5253 3.14 3.37 +0.09 ± 0.08 6 Santos et al. (2009)
66 NGC5822 4425 5110 1.95 3.05 +0.05 ± 0.07 5 Smiljanic et al. (2009)
67 NGC6134 4940 5050 2.52 3.10 +0.13 ± 0.07 6 Carretta et al. (2004)
67 NGC6134 4555 4785 2.25 2.55 +0.07 ± 0.04 2 Smiljanic et al. (2009)
68 NGC6192 4670 5050 2.10 2.55 +0.12 ± 0.07 3 Magrini et al. (2010)
69 NGC6253 4438 4568 2.37 2.47 +0.46 ± 0.03 4 Carretta et al. (2007)
69 NGC6253 4806 6441 2.88 4.61 +0.25 ± 0.08 3 Montalto et al. (2012)
69 NGC6253 4450 6200 2.46 3.84 +0.38 ± 0.08 5 Sestito et al. (2007)
70 NGC6281 4915 5015 2.30 2.50 +0.06 ± 0.06 2 Smiljanic et al. (2009)
71 NGC6475 5400 6300 4.05 4.50 +0.02 ± 0.02 3 Villanova et al. (2009)
72 NGC6494 4779 5131 2.26 2.71 −0.04 ± 0.08 6 Santos et al. (2012)
73 NGC6583 5050 5100 2.75 2.95 +0.37 ± 0.04 2 Magrini et al. (2010)
74 NGC6633 6320 6870 4.05 4.25 −0.21 ± 0.11 2 Ashwell et al. (2005)
74 NGC6633 4979 5275 2.75 3.10 +0.03 ± 0.03 6 Santos et al. (2009)
74 NGC6633 5015 5015 2.85 2.85 +0.11 1 Smiljanic et al. (2009)
74 NGC6633 5245 5245 3.11 3.11 +0.35 1 Valenti & Fischer (2005)
75 NGC6705 4500 4600 1.30 2.00 +0.08 ± 0.06 3 Gonzalez & Wallerstein (2000)
75 NGC6705 4288 5039 1.72 2.85 −0.07 ± 0.13 5 Santos et al. (2012)
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Table 4. continued.
OC no. Name Teff range log g range Mean [Fe/H] # Reference
75 NGC6705 4250 4750 1.30 2.90 +0.09 ± 0.14 8 Sobeck et al. (2006)
76 NGC6791 4672 4894 3.55 3.79 +0.41 ± 0.03 5 Geisler et al. (2012)
76 NGC6791 4463 4473 2.30 2.35 +0.46 ± 0.08 3 Gratton et al. (2006)
77 NGC6819 4740 4855 2.60 2.72 +0.09 ± 0.01 3 Bragaglia et al. (2001)
78 NGC6939 4000 5000 0.90 2.60 +0.05 ± 0.05 4 Jacobson & Friel (2013)
79 NGC7142 4500 5000 2.30 2.80 +0.14 ± 0.00 4 Jacobson et al. (2008)
79 NGC7142 4300 4800 1.70 2.50 +0.07 ± 0.03 4 Jacobson & Friel (2013)
80 NGC752 4600 5050 2.90 3.20 +0.06 ± 0.03 4 Carrera & Pancino (2011)
80 NGC752 5550 6585 4.20 4.50 −0.10 ± 0.05 7 Hobbs & Thorburn (1992)
80 NGC752 4850 5050 2.50 2.85 −0.03 ± 0.02 4 Reddy et al. (2012)
80 NGC752 5930 6120 4.50 4.50 +0.01 ± 0.02 5 Sestito et al. (2004)
80 NGC752 6720 6720 3.60 3.60 +0.00 1 Thévenin & Idiart (1999)
81 NGC7789 4800 4900 2.70 2.90 +0.05 ± 0.07 3 Pancino et al. (2010)
81 NGC7789 4090 4970 1.10 2.40 −0.03 ± 0.05 7 Tautvaišiene˙ et al. (2005)
82 Pfleiderer4 4000 4000 1.20 1.20 −0.15 1 Jacobson & Friel (2013)
82 Pfleiderer4 3950 3950 0.05 0.05 −0.33 1 Yong et al. (2012)
83 Ruprecht147 5747 6350 3.60 4.35 +0.16 ± 0.08 5 Curtis et al. (2013)
84 Saurer1 4900 5070 2.60 2.80 −0.38 ± 0.00 2 Carraro et al. (2004)
85 Trumpler2 4300 4300 1.50 1.50 −0.07 1 Zacˇs et al. (2011)
86 Trumpler20 4321 4321 1.82 1.82 −0.11 1 Platais et al. (2008)
The Teff and log g ranges and the number of determinations (#) are given in columns 3, 4, and 6. In most cases, the latter corresponds
to the number of stars analysed. In the case of Santos et al. (2009) giant stars are counted twice because two different line lists were
used. In the cases of Tautvaišiene et al. (2000) and Pasquini et al. (2004), for three of seven and three of 21 stars, respectively, two
or three different spectra were used. The resulting values were treated as independent determinations.
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